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OBSERVATIONS OF NOCTURNAL RADIATION AT FAIRBANKS, ALASKA, AND 
FARGO, N. DAK. 


By H. Wexuer 
[U. 8. Weather Bureau, Washington, D. C.] 


During the winters of 1936-37 and 1937-38, serological 
observations and measurements of outgoing radiation 
were made at Fairbanks, Alaska, (65°51’ N., 147°52’ W.), 
and Fargo, N. Dak. (46°54’ N., 96°48’ W.), as part of 
an investigation of the formation and structure of polar 
continental air. The aerological observations have been 
published by Byers (1940); in the present report, only 
the radiation measurements are considered, although the 
discussion involves use of the aerological data. 


DESCRIPTION OF INSTRUMENTS 


At both stations the radiation instrument used was the 
Abbot-Aldrich melikeron (Aldrich 1922), which is used as a 
compensation instrument in measuring nocturnal radia- 
tion. Two junctions of a thermocouple are connected to a 
galvanometer; and when the “honeycomb”’ cell, to which 
one of the junctions is attached, is shielded from radia- 
tional cooling by a shutter, the galvanometer will show a 
certain deflection. When the shutter is lifted, the “honey- 
comb” will cool, thus changing the galvanometer reading; 
however, by means of dry cells the “honeycomb” is heated 
by a current which compensates for the cooling so that the 
galvanometer reading remains constant. The current is 
measured by a milliammeter; and Q=KI’, where & is 
the effective outgoing radiation in gm. cal./ cm.?/min., I is 
the current in amperes, and K the constant of the meli- 
keron. The constant of the melikeron is determined 
either by computation, from the dimensions and proper- 
ties of the instrument, or by direct comparison with a 
standard instrument. The constant for the melikeron 
used at Fairbanks was 3.49, and for the instrument used 
at Fargo was 3.90, as determined by the Smithsonian 
Institution during July 1936. In November 1938, the 
instruments were recalibrated by the Smithsonian Insti- 
tution and the new constants found were 3.75 and 4.03, 
respectively, or increases of 7 percent and 3 percent, 
respectively. According to Aldrich, the change resulted 
from a gradual deterioration of the reflecting surface 
located at the bottom of the “honeycomb.” The original 
calibration constants were used throughout in determining 
the outgoing radiation. 

Portable mirror type galvanometers (D’Arsonval) with 
a sensitivity of 0.025 microamperes per mm. division, an 
internal resistance of 1,100 ohms, and an external critical 
damping resistance of 12,000 ohms, were used as zero 
instruments; and dry cells supplied current to the circuits; 
the current supplied to the “honeycomb” was measured 
by a Weston slibatiieoter: 

Observations of wind direction and velocity were made, 
together with measurements of snow surface temperatures 
and temperature of the air in the immediate neighborhood 
of the melikeron. The snow surface temperatures were 
observed by placing an alcohol thermometer horizontally 
on the snow with the bulb barely covered with snow. The 
percentage and types of clouds, and the depth and char- 
acter of the snow on the ground, as well as other meteor- 
logical phenomena, were also observed and recorded. 


(1) 





OBSERVATIONS AT FAIRBANKS, ALASKA 


_ The observations at Fairbanks were begun during 
October 1936, and continued until March 1937, and were 
again resumed during the period from October 1937 to 
March 1938. During the first winter, the observations 
were made by W. B. Drawbaugh of the Weather Bureau, 
to whom great credit must be given for evaluating the 
twice daily airplane soundings as well as making the 
radiation measurements, often under very trying circum- 
stances. Mr. Drawbaugh returned for the second winter 
and, together with L. A. Coffin, conducted a program of 
radiosondes, occasional airplane soundings for check 
purposes, and radiation measurements. 
1e first winter the melikeron was mounted on a pole 

1.2 meters above the roof of the office, or 5 meters above 
the snow surface. During the second winter until 
January 1, 1938, it was mounted 3.8 meters above the 
ground, and thereafter 1.7 meters and well away from the 
building. Insulated wires connected the melikeron with 
the current—measuring instruments inside the building. 
Many of the measurments were made within a few hours 
of the time of the airplane soundings or radiosondes. 

Light winds prevailed at Fairbanks during the winter 
and hence there was little trouble with the fluctuations 
in galvanometer deflection usually caused by high winds. 
However, considerable difficulty in securing readings was 
experienced because of local smoke and light fog, particu- 
larly at the lower temperatures during the winter. Lignite 
and wood are the usual fuels consumed at Fairbanks, 
and many times during the period of observations clouds 
of smoke drifted southward over the airport where the 
observatory was located. Light to dense fog very often 
formed at temperatures below —20° C. and, of course, 
reduced the amount of outgoing radiation. The formation 
of hoar frost on the instrument also caused difficulty in 
obtaining accurate readings. ‘The melikeron was care- 
fully examined before readings were taken, and if frost 
was present the melikeron was brought inside to dry out 
before readings were attempted, as was also done if any 
blowing snow got into the instrument. Readings were 
abandoned on a number of occasions due to frost forming 
before or during observations, as any form of moisture 
on the instrument resulted in a reduction of outgoing 
radiation values and a fluctuating zero galvanometer 
reading. Readings taken under frosting conditions were 
not tabulated. 


OBSERVATIONS AT FARGO, N. DAK. 


The observations at Fargo were begun during Septem- 
ber 1936, and continued until March 1937. They were 
again resumed during the period from October 1937 to 
March 1938. 

The melikeron was mounted above the southeast 
corner of the airport building, 7.5 meters above the 
ground. The horizon surrounding the instrument was 
perfectly clear except for a radio mast and a revolving 





of the shallow cold layer of air with the much warmer air 


gusty winds, some improvement was made by insulating 


beacon tower. Wires leading into the building connected 
the melikeron with the measuring instruments inside. 

Most of the radiation measurements were made within 
a few hours of the time of the daily airplane soundings 
at Fargo, and many were made simultaneously with the 
soundings. 

Considerable difficulty was experienced with fluctuating 
galvanometer readings due to prevalence of strong gusty 
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FIGURE 1.—Observed values of outgoing radiation during clear weather at Fairbanks, 
Alaska, 1936-38. 


winds, as well as to blowing snow. The wandering of the 
galvanometer zero was caused by unequal heating or 
cooling by wind of the thermocouple junctions, one of 
which was well protected from exposure while the other 
was not. The galvanometer was particularly unsteady 
in southeast winds, which usually occurred when a warm 
front was nearby. ‘This effect was probably caused by 
rapid temperature fluctuations brought about by mixing 


above. Some difficulty was encountered with frost form- 
ing on the melikeron surfaces, in which case no readings 
were attempted. When fluctuations occurred due to 


the lower portion of the melikeron with cotton batting, 
leaving the face of the instrument exposed. 


OUTGOING RADIATION DURING CLEAR WEATHER 


In figures 1 and 2, the individual values of outgoing 
radiation for clear weather are plotted against temperature 
(of the air near the melikeron) for Fairbanks and Fargo. 
The pronounced scattering agrees with that found by 
Mosby (1932) in his discussion of the Maud results, and is 
to be expected in view of the marked day-to-day variations 
of temperature and moisture content occurring aloft over 
the stations even when the surface conditions remain the 
same. If, on the other hand, the values of radiation 
coming from the atmosphere are found (by subtracting the 
outgoing radiation from the black body radiation at the 
temperature of the melikeron), and these values are 
plotted against the maximum temperature of the air aloft, 
then as seen in figure 5, the scattering is much less pro- 
nounced, indicating that the magnitude of the surface 
inversion influences greatly the value of the outgoing 
radiation. That the variations in moisture content are 

uite important is illustrated by the scattering in the latter 
gure. 

In table 1 are shown the linear formulae found by the 
least squares method for Fairbanks and Fargo, as well as 





Joseph Ld. (Berezkin, 1937); Maud Expedition; Mount 
Nordenskiéld, Spitsbergen (Olsson, 1936); and Fort 
Smith, N. W. T. (unpublished data for this station were 
kindly furnished by J. Patterson, Controller of the 
Canadian Meteorological Service), 


TABLE 1.— Least squares formulae for outgoing radiation during clear 
weather (including cloudiness up to 2/10) 











those for the following stations: Calm Bay, Franz- 


=o@ 
°§ gy 
se, ge 
Station Date | —_Instrument E Pi gs Formula derived 
& =| 
| 8 
Fairbanks, Alaska |1936-38; Melikeron No. 5___| 358) —1 to —44) Q=0.087+0.0012¢ 
(65°51’ N., 147°52’ 
W., 135 m.). 
Fargo, N. Dak. |1936-38) Melikeron No. 4__| 172) —5 to —35) Q=0.076+0.0006 t. 


(46°54 N., 96°48’ 

W., 274 m.). 

Calm Bay, Franz- |1933-35) Savinov pyrgeom- | 381} —1 to —38; Q=0.140+-0.0007 ¢. 

Joseph Land (80°19’ eter. 

N., 52°48’ E.). 
Fairbanks, Alaska_-...|1936-38} Melikeron No. 5__| 222) —20 to —40} Q=0.105+0.0018 ¢. 
Maud Expedition |1922-25) Melikeron No. 1 | 269} —20 to —40) Q=0.105+-0.0014 2. 

(Eastern portion of (some of earlier 


northern Siberian observations 
coast). were made by 
Angstrém Pyr- 


MF - ansens No. 56). 

Fort Smith, N. W.T. 1937 elikeron No. 6__| 65) —12 to —45) Q=0.062+-0.0008 ¢. 
(60° N., 111°53’ 
W., 210 m.). . 

Mount Nordenskiold,/ 1932-33) Angstrém Pyrge- | 192) near.—20) Q=0.147. 

x pg (78° 11’ ometer No. 46. 

} % 15°26’ E., 1049 

m.). 




















The lines given by the formulae are plotted in figure 3, 
and show an increase in outgoing radiation with tempera- 
ture. At higher temperatures Fairbanks has slightly 
higher values than Fargo, but this condition is reversed 
at temperatures below —18°. Both stations, however, 
have higher values than Fort Smith. For the —20° to 
—40° range the Maud and Fairbanks lines are almost 
parallel, although the former values are somewhat higher. 
Calm Bay and Mount Nordenskiéld, less than 1,300 km. 
apart, are in good agreement considering their difference 
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FIGURE 2.— Observed values of outgoing —- during clear weather at Fargo, N. Dak., 
1 4 


in elevation and type of instrument used. The surprising 
difference is seen in comparing the values for Calm Bay 
and Mount Nordenskiéld with those of remaining stations; 
it cannot be explained by the use of different radiation 
instruments, since as Mosby points out (1932) the com- 
parisons between the Angstrém pyrgeometer and the 
melikeron showed that the latter reads only about 4 
percent lower than the former. It seems as if the explana- 





tion must be sought in the different thermal structure of 
the atmosphere above the two groups of stations. If a 
smaller surface temperature inversion is found over Calm 
Bay and Mount Nordenskiédld than over the other 
stations, it would be associated with a higher value of 
outgoing radiation, since the outgoing jation is the 
difference between the upward radiation from the ground 
and the downward radiation from the atmosphere, and 
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FIGURE 3.—Least square representations of observed outgoing radiation. 


this difference diminishes as the magnitude of the surface 
inversion increases. 

To test this hypothesis, in figure 4 the mean February 
temperature-height curves for the Maud (Sverdrup 1933), 
Franz-Joseph Land (Guterman 1938), Fairbanks (Byers 
1940), and Fort Smith! observations have been plotted. 
Actually, of course, it is not permissible to assume that 
the mean temperature soundings are representative of days 
on which radiation measurements were made. These 
latter days, because they are chosen for lack of clouds, will 
be colder at the surface than cloudy days which have been 
included in the mean soundings. The Maud curve, based 
on kite data, shows a thin surface layer of relatively steep 
lapse rate (since soundings could be made only in time of 
moderate wind) and then a marked inversion above. The 
difference between the maximum temperature aloft and 
the surface temperature is 9.6°, and agrees quite well with 
the mean of such differences, 10.3°, found only from those 
soundings made close to the time of radiation measure- 
ments. The mean curve for Franz-Joseph Land shows 
only a slight increase in temperature from the surface to 
1,000 meters and a normal lapse-rate above. However, it 
must be kept in mind that the radiation and aerological 
observations were not made at the same station on Franz- 
Joseph Land, nor were they made for the same period of 
time. The mean surface temperature at which the former 
measurements were made was —26.3°, about 10° lower 
than the mean surface temperature observed during the 
aerological soundings. Hence it cannot be definitely 
proved on the basis of the present data that the surface 
inversion at Calm Bay is smaller than that of the Maud, 
Fairbanks, or Fort Smith data. The Fairbanks mean 
sounding is nearly identical with that for Fort Smith above 
the surface layer. As for Mount Nordenskiéld, Olsson 
(1936) states that this station is above the surface 
inversion. 

Interpreting the results, it seems that for air of recent 
maritime origin, such as that over Mount Nordenskiédld 
and Franz-Joseph Land, the outgoing radiation is large; 


1 These data are soon to be published by the Canadian Meteorological Service. 





and that when the air has achieved a quasi-radiative 
equilibrium with the surface, (i. e. when a large surface 
penne is formed) the outgoing radiation becomes much 
ess. 


COMPARISON OF OBSERVED AND COMPUTED ATMOSPHERIC 
RADIATION DURING CLEAR WEATHER 


In a previous paper by the author (Wexler 1936) an 
attempt was made to compute the radiation from a cloud- 
less atmosphere by the simplified method introduced by 
Simpson (1928) and later used by Brunt (1929). Simpson 
was primarily interested in the absorption of the long-wave 
radiation by the stratosphere, which he assumed con- 
tained 0.3 mm. of precipitable water vapor and 0.06 gm. 
of CO, in a vertical column of 1 sq. cm. cross-sectional 
area. Using Hettner’s determination of absorption by 
water vapor (in the form of steam) (1918) and Rubens- 
Aschkinass’ CO, absorption (1898), Simpson was able to 
find the absorption spectrum of the stratosphere, which 
he showed coluld be divided into three spectral regions: 
(1) nearly complete absorption in the regions 54%—7p and 
for wave lengths greater than 14y, called “opaque” 
bands; (2) semitransparency in the bands 4—-5\%y, 7-8, 
and 11—14u; and (3) transparency in the region 8%—lly. 
Brunt later applied this same analysis to tropospheric 
radiation ; he assumed that layers of air containing 0.3 mm. 
of precipitable water would absorb and transmit radiation 
according to Simpson’s classification. However, in the 
troposphere such res are very thin and do not contain 
0.06 gm. CO,, which Simpson assumed to be present in 
the stratosphere, and which was highly important because 
it decreased the lower limit of the complete absorption 
band from 20, the value when water vapor alone was 
present, to 14y”. 

Hence, the application of Simpson’s work to tropospheric 
radiation implies a large value of absorption and emission, 
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both because of use of absorption constants determined 
by steam instead of water vapor at atmospheric tempera- 
tures, and because of assuming an abnormal amount of 
CO, to be present in tropospheric air. Consequently 

2 Because of the diffuse nature of radiation the mean path of the radiation will include 
approximately twice the amount of absorbing gas; thus diffuse radiation passing through 
a layer, each of whose unit columns contains 0.15 mm. H;O and 0.03 gm. CO; will 


absorbed in approximately the same portion as a lel beam passing through a 
layer each of whose unit columns contains 0.30 mm. H;O0 and 0.06 gm. COs, 
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another model was set up based on absorption coefficients 
determined by Weber and Randall (1932) using water 
vapor at room temperatures. ‘These coefficients were so 
much lower than those of Hettner’s, that in order to esti- 
mate the atmospheric absorption and emission in the 
manner used by Simpson, it was necessary to increase the 
thickness of the layers so that each contained 1 millimeter 
of precipitable water instead of 0.15 mm. _ If this were not 
done, the semitransparent bands would increase in width 
at the expense of the opaque bands and it would be im- 
possible to estimate the amount of energy contained in 
them in the simple manner outlined by Simpson for the 








perature of any layer of air containing 1 mm. of precipitable 
water and normal CO, content. 

This diagram was used to find the magnitude of surface 
inversions formed over a snow surface in absence of sun 
and of wind movement. As was shown, the cooling pro- 
ceeds in such a way as to create an isothermal layer 
above a large surface inversion, and the top of this 
isothermal layer represents the top of the true polar 
continental air. All evidence, such as the magnitudes of 
the inversions, rate of cooling, observed structure of 
polar continental air, analysis of Olsson’s radiation 
measurements at Mount Nordenskidld, etc., (Wexler 1936, 
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FicureE 5.—Theoretical radiation compared with observed values. 


case of narrow semitransparent bands. Another very 
important consideration was the assumption of normal 
CO, content in layers; this decreased the absorption in the 
important band 14-17y, so that this region became 
semitransparent instead of opaque. The new spectral 
limits of the 3 bands now become: (1) Opaque 5-7 u, 
> 174: (2) semitransparent 4—5'u, 7-8%p, 13-7 and (3) 
transparent 8-13. 

The two models, one showing large absorptivity and 
the other small absorptivity, were both used in the pre- 
vious paper (Wexler 1936, fig 4) to determine the radiation 
coming from a moist atmosphere. In this diagram, the 
curves of which are reproduced here in figure 5, the abscissa 
represents the following temperatures, according to which 
of the 3 curves is referred to: Curve (a), temperature of 
the ground or snow surface, which is assumed to radiate 
as a black body; (6), the highest mean temperature of 
any layer of air containing 0.15 mm. precipitable water 
and high CO, content, and (c) the highest mean tem- 

* It ean easily be shown that for errors of +7 percent and Me eg caused by changes 


in the calibration constants at Fairbanks and Fargo, respectively, the percent error in 
atmospheric radiation wil] in general be less than —3,5 percent and —1.8 percent, re- 


spectively, 





1937) seemed to favor curve (c) over curve (6) as repre- 
senting the atmospheric radiation. 

Now the simultaneous aerological and radiation data at 
Fairbanks and Fargo afford a direct check of curves (6) and 
(c), in either of two ways: First, by plotting the observed 
values of atmospheric radiation against temperature of 
the isothermal layer when the latter can be determined 
from the aerological soundings; or, secondly, by plotting 
the values of atmospheric radiation against mean temp- 
erature of the surface layer of air containing 0.15 mm. of 
precipitable H,O in one diagram to chee!: curve (b), and 
plotting the same values of radiatiun against mean 
temperature of the surface layer of air containing 1 mm. 
of precipitable H,O in another diagram to check (c). 
Both these methods have been followed, and the results 
are shown in figures 5, 6, and 7;* however, for reasons to 
be mentioned below, neither method is quite satisfactory. 

The ideal structure of polar continental air, that is, a 
marked surface inversion in a very thin layer, overlain by 
an isothermal layer, above which is found the normal 
lapse-rate, is not observed in all soundings made in this 
type of air. Various effects such as the wind-stirring of 





surface layers, different histories of various layers of air, 
possible radiative cooling from the lower layers direct] 
to space, etc., obscure the ideal pattern and render difficult 
at times the identification of the isothermal layer. The 
values plotted in figure 5 are taken only from soundings 
where the isothermal layer was easily identified. From 
the soundings made during the winters of 1936-38 at 
Fairbanks and Fargo, only 54 such cases were observed 
during which radiation measurements were also available. 
The results are in agreement with those found from the 
first winter’s observations at Fairbanks and Fargo (Wexler 
1937; the 48 points referred to in this paper were consider- 
ably reduced in number by demanding closer adherence of 





ground, and this fact will be especially true of the layer 
containing 0.15 mm. These cold vartace layers will not 
ordinarily be in radiative equilibrium, since they will be 
subjected to radiation coming from the ground and from 
the warmer layer of air above it. Consequently if radi- 
ative influences alone were considered, the temperature of 
this surface layer would increase until it reached the 
equilibrium value. However, other and nonradiative in- 
fluences prevent the attainment of equilibrium tempera- 
tures in the surface layer. Hence, in figures 6 and 7 the 
points are displaced too far to the left. In both figures 
the points are closer to their respective curves at low 
temperatures and depart from them at higher tempera- 







































































Z 
600 om 
a 
500 : 
400 ee RT | 
& ra e wots *. b 
x gent} °3) . | 
RF 300 a ~e pi * 
; ee! + stacy. * 
° ° °t e : " ‘ Od e 
NN 200 an ee Pe 
r | r™ ae soi) . ‘ . 
er eae: 
ee 
100 
200 208 216 224 232 240 248 256 264 272 280 288 296 
Temperature (°A) 


FIGURE 6.—Theoretical radiation compared with observed values. 


the soundings used to the ideal temperature distribution). 
At temperatures between —30° é and —20° C., the 
points are located near (c), and for temperatures between 
—20° C. and about —30° C. they are found between (c) 
and (6) while for higher temperatures they are grouped 
around (6), and the few points whose temperatures are 
greater than 10° C. are found between (a) and (6). Some 
of the values of the atmospheric radiation are undoubtedly 
too large, since 2/10 clouds and also local smoke and light 
fog were included in the clear weather observations in 
order to provide a larger number. 

The second method used to check curves (6) and (c) was 
to plot all clear weather atmospheric radiation measure- 
ments (including 2/10 clouds, light fog and smoke) against 
mean temperatures of surface layers of air containi 
0.15 mm. and 1 mm., respectively, of precipitable H,O, an 
is open to error in the following way: Since the surface 
temperature inversion layer is usually several hundred 
meters thick, the mean temperatures of layers containing 
the above amounts of precipitable H,O are almost always 
several degrees too low compared with the mean temper- 
atures of such layers located at greater heights above the 





tures as was noticed also in figure 5. The points are 
grouped closer to curve (6) than to (c), although at low 
temperatures there are a considerable number of points 
below (0). 

Recently, Elsasser has devised a radiation diagram ‘ 
based on the water vapor absorption coefficients of Weber 
and Randall. This diagram, which enables one to compute 
the radiation flux in an atmosphere of known temperature 
and moisture distribution, is similar to an earlier one by 
Miigge and Médller (1932) who used the Hettner steam 
absorption coefficients as reduced by Albrecht (1930) by 
comparison with Fowle’s measurements (1917). In test- 
ing the latter diagram against observations, a large dis- 
crepancy was discovered which led to the conclusion that 
even the reduced Hettner coefficients were unsuited for 
atmospheric radiation computations and that they give 
too large values for atmospheric absorptivity or emissivity. 
In a later paper (1935), Méller attempted to overcome this 
difficulty by “opening-up” the water vapor absorption 
spectrum in an empirical manner, thus rendering the at- 
mosphere more transparent to longwave radiation. In 

4 The manuscript describing the preparation of this diagram is as yet unpublished. 
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this way the necessity for having the major portion of the 
radiation leaving the atmosphere directly to space from 
the upper portion of the troposphere—or from the so- 
called ‘emission layer’’—was overcome. Thus the layer 
of maximum cooling by radiation was brought down from 
the upper troposphere to the surface layers, which was in 
better agreement with meteorological evidence (Wexler 
1936, 1937). 

The Weber-Randall coefficients used by Elsasser showed 
that as expected the atmosphere actually was more transpar- 
ent to long-wave radiation than was indicated by the first 
Miigge-Méller diagram. In fact, the distribution of at- 








of the curve and whose upper portions follow the original 


convective equilibrium curve. As described in an earlier 
paper (Wexler 1936), the transformation of air with an 
originally steep lapse-rate into polar continental air is 
thought to take place in such a manner that as radiative 
cooling from below proceeds, an increasingly thick iso- 
thermal layer is found above a large surface inversion of 
very small thickness. It is the balance of the upward 
radiation from the surface and the downward iation 
from the atmosphere that determines the magnitude of 
the inversion. In curves (b), and (c) of figure 5, as 
stated earlier, the coldest type of saturated polar mari- 
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FiGuRE 7.—Theoretical radiation compared with observed values. 


mospheric cooling by radiation found by use of the Elsasser 
diagram and the second Miigge-MGller diagram agree so 
closely that it seems as if Méller’s empirical “opening-up” 
of the absorption spectrum was quite successful. 

In the following the Elsasser diagram will be used in 
two ways: first, to test whether curve (6) or (c) of figure 5 
represents more accurately the radiation coming down- 
ward from ideal polar continental atmospheres of various 
temperatures; and, secondly, to compare the observed 
—- radiation values with those computed by means 
of the aerological soundings made at the same time. 

Curve (d) in figure 5 has been computed by use of the 
Elsasser diagram in the following way: the radiation com- 
ing from a saturated atmosphere in convective equilibrium 
with an ocean surface of 0° C. is designated by the ordinate 
of the extreme right-hand point of curve (d), while the 
ordinates of other points of this curve refer to the radia- 
tion coming from atmospheres whose lower portions are 
isothermal at temperatures corresponding to the abscissae 





time atmosphere was assumed to be the initial atmosphere 
before cooling took place. Curve (d) agrees quite closely 
with (c) at higher temperatures and falls below it at 
lower temperatures. Another curve (e), has been com- 
puted for atmospheres of similar lapse-rates but of only 
50 percent relative humidity throughout; this curve falls 
below (d) at higher temperatures but becomes practically 
coincident with it at lower temperatures. By use of (a) 
and (d), it is seen that the magnitude of the surface inver- 
sions under quasi-radiative equilibrium at lower tempera- 
mee be greater than those found by means of (a) 
and (ce). 

However, the quite good agreement of (c) and (d) in 
the temperature range 253° to 273° represents the most 
important fact to be derived from figure 5, since most 
isothermal layers in polar continental air have their 
temperatures within this range. To compare the ideal 
ap of the quasi-radiative equilibrium inversions, 
table 2 has been prepared for the two curves, (c) and (d). 





TABLE 2.—Comparison of ideal inversions as found from curves (c) 








and (d), figure 6 
Isothermal | Isothermal 
ies tempera- | tempera- 
— ture ture 
(curve c) | (curve d) 
. °C. “> 
—30 +4 +2 
—40 -9 —9 
—50 —21 -16 
—60 —34 —%4 
—70 —47 —30 

















The round points in figure 5, which represent the values 
of atmospheric radiation plotted against temperature of 
the isothermal layer for selected cases when these were 
well marked, are practically all above (d); this disagree- 
ment will be analyzed more thoroughly below. 

To check the Elsasser diagram against observations, it 
was required that only data be used when two or more 
closely agreeing radiation measurements were made within 
a few hours of an aerological sounding. These conditions 
were met at Fairbanks only during the first winter, and at 
Fargo for both winters. For each sounding, two calcula- 
tions on the Elsasser diagram were carried out, one for 
the observed moisture distribution, and the other for the 
moisture distribution corresponding to saturation through- 
out the sounding. The results are summarized in table 3, 
where the subscripts in column 1 refer to the number of 
days observations used. 


TABLE 3.—Comparison of observed and computed outgoing radiation 
intensities 
[Units in gm. cal./em.*/min.] 

















Computed 
Station Observed Computed (assuming satu- 
ration) 
Ss. ccactdeancteetes 0.07613 0.110(45%) 0.086(13%) 
LR TERS OS TT TE 07638 -119(58%) .089(17%) 








The mean observed values for the two stations agree 
quite closely, while the computed values are about 50 
percent too oh e, and even the values found when satura- 
tion is assumed for each sounding are too large by about 
15 percent. 

To show more clearly the difference between the ob- 
served and the computed values of the outgoing radiation, 
these values have been plotted in figure 8, where the 
abscissa is the difference between the maximum tempera- 
ture observed aloft and the temperature of the air near 
the melikeron. The three sets of points fall for the most 
part on rather smooth curves, which show the expected 
drop in intensity with an increase in the magnitude of the 
temperature inversion. There is an almost constant 
difference of about 0.035 gm. cal./em?/min. between the 
computed and the observed curves, while the curve com- 
puted on the basis of 100 percent relative humidity 
throughout is closer to the observed curve and drops 
below it at AT=15°. An attempt at a similar representa- 
tion for Fargo did not show such a smooth array of points, 
although the same general trends of the curves in figure 8 
were present. 

The possible explanations for the discrepancy between 
observed and computed values are Sunnintll below: 

(a) Presence of radiating gases in the atmosphere other 
than water vapor.—Carbon dioxide (13-16) and ozone 
(9.3-10.1u) are the only other gases that have important 
radiating bands in the long-wave region. LElsasser’s dia- 
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gram takes into account the radiation from the COy, all 
of which is assumed to originate in the lowest 200 meters 
of air; however, when a sharp ground inversion exists, a 
correction must be made for the increased CO, radiation 
caused by the higher temperature of the gas. In an un- 
published paper, Elsasser has shown how to make this 
correction, and it turns out to be quite small when applied 
to the computed values, amounting to no more than a few 
percent. This correction which tends to decrease the 
computed values has already been made in the values shown 
in columns 2 and 3 of table 3. According to Adel (1939), 
the ozone band at 9.3-10.1n has about 50 percent absorp- 
tivity for normal values of atmospheric ozone, which seems 
to be quite large compared to Hettner’s determination. 
Assuming the ozone to have a mean temperature of —38°C 
the additional radiation sent down by the atmosphere 
amounts to about 0.005 gm. cal./em.*/min.; this over-all 
correction has also been made in the computed values 
shown in columns 2 and 3. 

(6) Inaccuracy of the melikeron and errors in observa- 
tion.—Both instruments were calibrated at the Smith- 
sonian Institution in July 1936 and again in November 
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Fiocure 8.—Theoretical radiation compared with observed values. 


1938, and, as mentioned before, the calibration constant, 
K, increased by 7 percent and 3 percent for the Fairbanks 
and the Fargo instruments, respectively. The earlier 
calibration constants were used throughout in the de- 
terminations of the outgoing radiation intensities, since 
most of the reduction of the data had been completed 
before the second calibration was made. If the larger 
constants had been used, then the values in column 1 of 
table 3 would have been 0.081 and 0.078 gm. cal./cm.*/ 
min. for Fairbanks and Fargo, respectively, and the com- 
puted values would have still been much different from the 
observed values, 36 percent and 53 percent, respectively. 
Also as mentioned before, one of the,early models of the 
melikeron was compared with the Angstrém in actual 
field measurements and read only about 4 percent lower 
than the latter instrument. Frost deposits on the meli- 
keron during observations can seriously affect the read- 
ings when one realizes that the deposit of a frost film of 
only 0.0001 em. thick in one minute will yield an amount 
of heat which will compensate for the normal heat loss 
caused by the outgoing radiation in polar regions. The 
observers were warned about this source of error; and some 
observations, especially at Fairbanks, were abandoned 
because the observer could see the formation of frost or 
could detect it by the steady decline of his ammeter read- 
ing during successive observations. The appearance of 
such erroneous readings in table 3 is eliminated by the 
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requirement that those selected were based on two or more 
closely agreeing successive observations. 

(c) Inaccuracy of the Elsasser radiation diagram.—This 
error is difficult to determine, since it can be done only 
by comparison with laboratory and field measurements. 
In his unpublished manuscript, Elsasser claims that his 
computations are supported by measurements made by 
Strong of California Institute of Technology, who by 
means of a ‘residual ray” instrument is able to measure 
atmospheric infrared radiation at various bands (1939). 
Also he cites as support, measurements of water vapor 
absorption coefficients made by Adel (1939), who meas- 
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Ficure 9.—Relation of atmospheric radiation to cloudiness. 


ured the absorption of solar radiation by atmospheric 
water vapor. Recently F. A. Brooks, working with 
thin layers in the laboratory of Hottel at Massachusetts 
Institute of Technology, found that the measurements 
were not in accord with those computed on the diagram, 
and Elsasser admits that his diagram is probably not 
accurate for thin lay +s (of the order of 5-10 meters) but 
is satisfactory for thicker layers. Since the computations 
here involve the radiation coming from the entire atmos- 
phere, this latter objection is of no consequence. 

(d) Presence v solid particles in the atmosphere-—The 
existence of the large surface inversion over polar regions, 
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FiGureE 10.—Relation of atmospheric radiation to cloudiness. 


with practically calm conditions, would favor the con- 
centration of small solid particles in the surface layers of 
air, not only because of the formation of ice crystals at 
low temperatures, but also because the strong vertical 
stability of the atmosphere would prevent upward vertical 
diffusion of solid particles where they could then be 
carried away by the stronger winds aloft. It does not 
seem possible to estimate the effect of such solid particles, 
each presumably radiating as a black body, without 
some observations concerning concentration. However, 
F. A. Brooks, in a conversation with the author, told how 
a California fruit orchard smoke cloud, produced by 
smudge-pots, reduced the outgoing radiation by 40 per- 
cent. Accepting this value as typical of a very large 








concentration of soot pentieee the effect of a much 


smaller concentration of ice and other particles on the 
outgoing radiation would seem to be much smaller than 
40 percent. The values in column 1 of table 3 are about 
30 to 40 percent smaller than those in column 2; if we 
accept the latter values as the correct ones then the ap- 
parent 30 to 40 percent reduction would seem to be much 
too large in view of the very much smaller concentration 
of solid particles in the polar regions as compared with 
that in orchard smoke-clouds. Finally, it should also 
be pointed out that not all observations at Fargo were 
made under conditions of strong inversions; several were 
made when rather steep lapse-rates prevailed in the surface 
layers, and yet not one case was observed when the com- 
puted values of the outgoing radiation equalled the 
observed value. 

Unfortunately, it is not possible to compare the com- 
puted and the observed radiation values for the Maud, 
since the soundings were only about 1,500 meters high; and 
it is likewise impossible to compare those for Franz-Joseph 
Land and Mount Nordenskiéld because of lack of sound- 
ings simultaneous with the radiation measurements. 

Although no definite conclusion has been reached con- 
cerning the discrepancy between computed and observed 
values for Fairbanks and Fargo, it is hoped that other in- 
vestigations will be made to see whether in Polar and in 
other atmospheres there exist additional constituents— 
gaseous or solid—which reduce the outgoing radiation more 
than would be expected from the presence only of water 
vapor, plus te amounts of carbon dioxide and ozone. 


RELATION OF ATMOSPHERIC RADIATION TO CLOUDINESS 


In figures 9 and 10 are plotted values of atmospheric 
radiation against cloud amount, for Fairbanks and Fargo, 
respectively. Because of the sparseness of the data, no 
attempt was made to prepare such diagrams for each cloud 
type; even when all cloud types are grouped together, the 
scarcity of the observations is evident in the jagged 
character of the curves. The straight lines found by the 
least-square method show the expected increase in at- 
mospheric radiation with cloud amount. For Fairbanks 
and Fargo, respectively, the equations of these lines are: 


R,=0.265 (1+0.031 M), 
,=0.319 (1+0.013 M), 


where R, is the atmospheric radiation, and M is the cloud 
amount in tenths of the sky covered. 

For each cloud amount, the atmospheric radiation is 
greater at Fargo than at Fairbanks, thus indicating that 
the clouds over Fairbanks are either at a lower tempera- 
ture or are less dense than those over Fargo; that the latter 
may be the case is borne out by the pilot of the Fairbanks 
aerological airplane, who noted exceptionally good vertical 
and oblique visibilities through clouds that from the 

round, might have been expected to be quite opaque. 
The apparent decrease northward in cloud density has been 
noted by Olsson (1936), who compared the Mount 
Nordenskiéld, observations with those made at lower 
latitudes by Angstrém. These two investigators plotted 
cloud amount against the outgoing radiation, instead of the 
atmospheric radiation. However, it seems that use of the 
latter quantity would eliminate the effect of surface 
temperature, since for the same value of atmospheric 
radiation the surface having the lower temperature will 
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Once 


have the smaller amount of outgoing radiation. 
the value of the surface temperature is given, then es 
9 and 10 may be used to give the approximate dependency 
of outgoing radiation on cloud amount for the two stations 
in winter. 
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Tables 4 and 5 show the outgoing radiation measure- 
ments (Q) for Fairbanks, Alaska, and Fargo, N. Dak. 
Each table is divided into three parts: 0-2/10 cloudiness, 
3/10-6/10 cloudiness, and 7/10—-10/10 cloudiness. The 


time is local time. 


Radiation units are gm. cal./cm.?/min. 


The temperature (¢t) refers to that of the air in the immed- 


iate neighborhood of the melikeron. 


The symbols in the 


cloudiness column have the following meanings: §, light 
smoke; § +, dense smoke; =, light fog; =, dense fog. The 
abbreviations for character of the snow surface are: 
NL for new light; OL for old light; ND for new dense; OD 
for old dense; NC for new crusted; OC for old crusted; 


and OG fo 


r old 


nular. 


The snow surface temperatures 


were determined by placing an alcohol thermometer hori- 
zontally on the snow, the bulb being barely covered by 


the snow. 


TABLE 4.—Outgoing radiation, Fairbanks, Alaska 
PART I.—0-2/10 CLOUDINESS 









































Cloudiness Snow surface 
Wind, direc- 
Date Local time Q. t tion—velocity mets oo 7 
: (m., p. 8.) ept aracter 
Amount Kind (em.) of top layer 
1936 Gm. cal./ 
em.2/min. "ee , 

RR RAS |. BREESE eS I 23:15 0. 107 -9.5 eS N-1.0 3 NL 
RE SERS FPO SE <= LERNER Dee HT ee 00:25 . 080 —10.0 | ee eee N-LS8 3 NL 

01:30 . 082 —-19.1 ES RIE As EERE N-1.8 3 NL 
ers |) a es ee, One Se FREE OL 05:30 .079 —18.5 yes “ee Sor Cc 2 oD 

06:15 . 079 —18.6 1] A. St. Cc 2 oD 
ee Cs Se eee Cees Se AS 06:30 . 102 —11.6 31 @e..cie SE-1.0 3 NL 

07:00 .101 —12.5 pf RR SW-1.0 3 NL 
) 5 RE Se Pl: ee Mo, A 07:00 . 07 —14.3 ne er N-1.0 5 oD 

07:30 . 073 —14.3 Few | 8t__.-- N-1.0 5 oD 
FS 1 aS ee eres Se 09:00 . 068 —29.4 7g —— Ww-1.0 28 OL 
) ty RRR A LIES hs Ee 08:30 . 055 —14.8 — oe... van deci N-1.0 25 oc 

° ew St ine = 

09:00 042 —16.4 { ioe }} Cc 2} oc 
a as Sa IC Re Pees 09:00 047 —21.6 oo ih. i, Uapmeseeens \ E10 2%} oc 

10:00 . 042 —21.0 A 26 a Te N-1.0 25 oc 
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10:00 . 073 —11.5 og BOR ee A N-1.0 235 oc 
US Ccicsdinccconedncchaantescbedibepedonedaieaeee 17:00 . 044 —27.8 | ee. Se N-1.0 29 NL 

18:10 . 068 —27.9 | BS Cs N-1.0 2° NL 

20:15 . 063 —2.4 |) BE Oa N-1.0 y.!) NL 

23:15 . 062 —30.5 | SEG Oe ee N-1.0 29 NL 
SR ER 0 ee Te) 6 SN 08:30 . 050 —32.0 OE chuiiehchenaiiniasd NE-1.0 2| NL 

09:30 . 052 —32.5 | SE So. SOE NW-1.0 29 NL 
p RR See, eee 08:30 . 058 —30.7 | RC eS Cc 2 OL 

09:30 . 057 —31.4 ) BRS S-1.0 28 OL 
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TaBLeE 4,.—Outgoing radiation, Fairbanks, Alaska—Continued 
PART I, —0-2/10 CLOUDINESS—Continued 






























































Cloudiness Snow surface 
Wind, direc- 
Date Local time Q. t. at mai on . - 
m. p. s. p Yharacter empera- 
Amount Kind (em.) | of top layer ture 
Gm.jca./ 
1936 em.2imm. CC. 
OE Tisichcdctrcncenctshebsotcindenatisinvenssscnsuncnaty O1:15 0. 035 —35.6 s NW-1.0 41 OL —42.3 
10:00 . 042 —39.8 8s N-1.0 41 OL —44.0 
10:45 . 061 —39. 2 8 N-1.0 41 OL —44.2 
22:30 . 040 —41.7 Ss N-1.0 41 OL —45.0 
23:30 . 038 —42.2 Ss N-1.0 41 OL —44.0 
A ee eter a es ee ee ee 09:00 . 030 —35.6 S |. Cc 41 OL —37.4 
De 09:30 . 030 —35.8 8 |. Cc 41 OoL —37.4 
pS aE RS at Ls | a 04:00 . 038 —34.2 0 |- Cc 41 OL —39.0 
05:00 . 038 —33.8 0 |}. N-1.0 41 OL —39.0 
09°00 . 016 —32.2 0 N-1.0 41 oL —35.0 
SS SE ee ee a ee ee ee ee ee 08:20 . 035 —27.6 1 Cc 41 OL —33.0 
08:50 . 035 —27.6 1 Cc 41 OL —33.2 
1937 
} | SES CAO Teee a ae Eee ee MOST e Seen meee 09:00 . 084 —17.0 1 NE-1.0 53 NL —22.3 
, SP 6 a ee 00:30 . 045 —7.5 2 W-1.0 69 NL —12.4 
01:30 .016 -—7.7 2 Cc 69 NL —10.8 
18:00 . O44 —4.1 2 SW-1.8 71 NL —10.1 
bsp ES, TEE Ai SE Tee OR 5 DN, TE el ce iS wo 22:00 . 096 —10.8 0 |. SE-1.0 56 oD —17.0 
(0) ARES OST YS REE SS SERRE LL eee ee 07:30 . 100 —11.9 1 W-2.7 56 oD —16.5 
08:15 - 106 —13.0 1 SW-3.6 56 oD —17.5 
08:45 . 055 —11.4 1 SW-3.6 56 oD —16.4 
09:30 . 069 —10.4 1 SW-4.5 56 oD —15.2 
23:45 . 046 —25.4 1 N-1.0 56 oD —30.0 
Dee Wiis gi 756) is ee, ish cnc cubabebieiesbebs tthe 01:00 046 —25.4 1 N-1.0 56 oD —30.8 
02:00 . 050 —25.5 1 N-10 56 oD —31.3 
Fe ca éccicebobebubecleboctbes cncddssdicebedd caused 16:00 .101 —23.8 Few SW-1.0 109 NC —30.3 
17:00 . 074 —24.5 Few SW-1.0 109 NC —31.2 
20:30 . 058 —26.7 0 N-L.0 109 NC —36.0 
22:00 . 066 —29.8 0 N-1.0 109 NC —35.0 
23:30 . 055 —29.5 0 N-1.0 109 NC —34.5 
PE 6 Sab cdedactiodddudhidive ttpewieddiatndgwe dca gblot 01:00 . 028 —26.1 2 NE-1.0 109 NC —34.8 
(COREE Pa ay SE ee eee 08:00 123 —18 5 1 SW-2.7 107 oD —21.2 
08:30 . 124 —19.2 Few SW-1.0 107 oD —24.8 
09:00 . 126 —19.2 Few SW-1.0 107 OD —26.1 
15:30 . 097 —2%6.3 1 N-1.3 107 oD —32.5 
16:30 . 095 —2.0 1 N-L0 107 oD —34.9 
Se ee ee eS eee 08:30 . 056 —16.0 2 N-1.0 109 NL —21.5 
SI tlecnine Siesnieilinnds bite iadianadtlenabadaenan ban eane wt 15:30 . 099 —18.8 0 NW-1.3 117 NL —2.8 
16:30 . 070 —19.3 0}. NW-1.0 117 NL —27.3 
21:30 . 050 — 26.0 0 N-1.0 117 NL —30.0 
22:30 .070 —27.8 0 §-1.0 117 NL —30.4 
23:30 . 037 —26.0 0 N-1.0 117 NL —32.0 
, OS Ee eee ay ee eRe eee Nanni URS eee 07:00 . 048 —30.0 0 SE-1.0 117 oL —32.0 
07:30 . 046 —30.0 0 N-1.0 117 OL —33.5 
08:00 . 037 —29.3 0 N-1.0 117 oL —34.0 
08:30 . 037 —30.0 S= N-1.0 117 OL —33.9 
09:15 .019 —2.0 s= NW-1.0 117 OL —33.1 
09:30 . 025 —27.5 8= NW-1.0 117 OL —33.0 
16:00 - 045 —22.8 Few | Ci. St N-1.0 117 oL —31.8 
16:30 .076 —25.2 Few | Ci. St. Cc 17| OL —33.1 
17:00 . 066 — 26.6 Few | , Cc 117 OL —33.2 
Ee a a ee eee ree 07:15 .O11 —29.5 ee * SE-1.0 117 oL —290.8 
07:45 -017 —29.8 3 SLE Cea: SE-1.0 117 OL —31.8 
08:15 . 021 —30.0 et de nie eS W-1.0 117 oL —32.8 
15:30 . 060 —23.7 2. - Sa NW-1.0 117 OL —30.5 
16:00 - 059 —25.8 eet | Ge eees.........:- oC 117 OL —30.5 
16:30 061 —meh Fer ae \ E10 u7| OL —31.8 
. ¥ te =e £ ai 
Ae 1S cae am ME eT 15:30 025 et Sia }  s10 17] OL 27.4 
16:00 062 —.0]{ Few a $-1.0 7} OL —29.8 
16:30 . 049 —22.0 2 i +S Cc 117 OL —30.0 
17:30 - 048 —24.0 Few | Ci. St.......-. NE-160 117 OL — 30.0 
OY AE: ae See ae ae CRON ne enn eee” 07:30 .029 — 26.5 | a @ e Cc 117 OoL —29.3 
08:00 . 008 —26.0 __| BS >- ere See Cc 117 OL —29.0 
08:30 . 008 —26.5 SS - Sr ae N-1.0 117 OL —29.0 
16:00 . 068 —21.5 Pew | 4. Oe, 8........... Cc 117 OL —30.1 
16:30 . 048 —23.1 Few | A. St, S_____- Cc 117 OL —29.1 
17:00 . 030 —22.5 pew | A. Oy, @...-....... Cc 117 OL —2.0 
RE ncdisicwestthhisexettbinitcdinteincdtpiiadog 07:15 - 038 —30.2 yo 1 = N-1.0 117 - oL —32.5 
07:45 .031 —29.9 iP) .Saae = N-1.0 117 oL —34.2 
08:15 . 036 —30.8 SP): &-Sa = N-1.0 117 OL —34.2 
08:45 . 009 —27.5 fe Sa NE-1.0 117 OoL —33.5 
a eS Eee ae ere ne on Senne 19:45 . 054 —17.5 yh eee S-4.0 127 NL —20.3 
20:45 . 054 —18.2 Lo °— aaa S8-1.8 127 NL —22.2 
ES a a ee ee Se 07:15 . 035 —36.0 2? | ae 8-1.0 128 NL —38. 2 
07:30 . 034 —35.8 jig -_ a NW-1.0 128 NL —38.8 
07:45 . 034 —35. 6 3c eae NW-1.0 128 NL —39. 2 
08:00 . 035 —33.9 Ys ——eee NW-1.0 128 NL —39.9 
08:20 . 049 —34.8 tes =e v NW-1.0 128 NL —39.5 
BS Eiienacctidcantidsonettesswinatdanecctahebbwcutausa 07:00 . 042 —40.2  _ See N-1.0 130 NL —42.8 
07:15 . 059 —40.5  ¢ VERS a ee N-1.0 130 NL —43.0 
07:35 . 027 —38.3 Nh 3 N-1.0 130 NL —45.3 
07:55 . 042 —38.9 St i i N-1.0 130 NL —44,6 
08:39 - 032 —39.4 | ETT N-1.0 130 NL —44.3 
16:15 . 091 —27.5 J) =a N-1.0 130 NL —40.0 
16:30 . 086 —29.5 ew © O75 Wes....-...<.-- N-1.0 130 NL —42.0 
16:45 . 004 —30.8 i... & eee Cc 130 NL —42.0 
17:00 . 096 —31.1 pew t Us oe........... Cc 130 NL —42.0 
18:00 . 089 ~ 32.0 _) SS See N-1.0 130 NL —43.5 
20:00 . 063 —36. 5 | a Dee | N-1.0 130 NL —44.5 
Feb. 17. — 16:30 . 076 —32.8 Lee ae oe | NW-1.0 131 NL —42.4 
16:55 . 079 —33.2 Dt Se | NW-1.0 131 NL —43.0 
17:15 .079 —34.5 fi =e. NW-1.0 131 NL —44.0 
17:45 . 068 —35. 6 1} Dtabsbeieduncsnis NW-1.0 131 NL —44.8 
18:00 . 076 —37.0 2. Sere NW-1.0 131 NL —45.0 
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TaBLE 4.—Outgoing radiation, Fairbanks, Alaska—Continued 
PART L.—0-2/10 CLOUDINESS—Continued 












































Cloudiness Snow surface 
Wind, direc- 
Date Local time Q. t. etry Benet a . 
m. p. 8. Pp haracter em pera- 
Amount Kind (em.) _| of top layer ture 
Q@m. ca./ 
1937 cm.4/mm. °C. 
Re are eRe eS Se ee 16:15 0. 070 —29.0 | ee eee NW-1.0 131 OL —41.5 
16:45 . 068 —31.7 | SE Se ee NW-1.0 131 OL —42.7 
17:15 . 102 —33.2  } eS Se eS N-1.0 131 OL —43.7 
17:45 . 063 —33.0 4g EO ee ae N-1.0 131 OL —43.7 
RE Ee 8 ee | ee SS 06:15 . 038 —28.8 .eE " eae N-1.0 131 OL —33.0 
06:45 . 040 —28.0 OS Bele cctnsiccac N-1.0 131 OL —33.3 
07:15 . 030 —28.8 7e 2 * eee 8) 131 OL —33.2 
07:45 . 025 —28.0 Si Bi Wei... cccdencs NW-1.0 131 OL ~-33.0 
eee | ee eee eS A 16:40 . 086 —16.5 2 oS Es TE N-1.0 132 NL — 26.0 
17:00 -101 —17.6 g¢ eae Cc 132 NL —25.7 
17:25 . 004 —18.5 Pe Me ncaschecne oO 132 NL —25.5 
17:45 083 —20. 2 ty OT aes eee Cc 132 NL —26.0 
ee ae mam eet ey LEU 17:00 094 —16.1 I i NW-1.0 132 NL —27.0 
17:15 080 —17.0 cee) S, Oe........... NW-1.0 132 NL —26.0 
17:30 . 102 —18.0 ge. tee SE-1.0 132 NL —27.1 
18:05 101 —18.8 ND Mb Me connetocce SW-1.0 132 NL —26.5 
18:35 081 —20.2 | ee ee W-1.0 132 NL —28.3 
19:05 ‘ —20. 1 pO TS eS OE NW-1.0 132 NL —29.5 
Se et ee ee een eet at! ce lye 16:45 101 —15.8 o) oS oop NW-1.0 135 OL —27.0 
17:15 . 099 —16.7 by Seer seeeeem N-1.0 135 OL —27.3 
17:45 . 089 —17.0 | 0. S° er Sanaa eae N-1.0 135 OL —26.3 
18:15 . 084 —18.2 | era ee NW-1.3 135 OL —27.5 
18:45 . 080 —20.0 _) Seer sea -1.0 135 OL —28.2 
eb pincinccchedscavidibiacsannebicoddubetcusbleaall 06:15 . 022 —27.0 Jf § eebeere NW-1.3 135 OL —32.0 
06:45 . 062 —27.0 a, % Seseeerraee NW-1.0 135 OL —35.2 
07:15 . 055 —27.2 2) 6 6s NW-1.0 135 OL —36.0 
17:00 . 108 —17.5 2 € Sores N-1.0 135 OL —32.0 
17:15 . 074 —17.9 | 2) . Se Reba N-1.3 135 OL —32.2 
17:30 . 085 —18.0 gg | | SCOeeareee N-1.0 135 OL —32.3 
18:15 . 107 —22.0 2. Sere N-1.0 135 OL —31.5 
Th a ee ee Oe Pe Ca 06:30 . 042 —30.9 3 C SeerSeeeeaeae NW-1.0 135 OL —37.5 
06:45 . 040 —31.0 a NW-1.3 135 OL —37.8 
07:00 . 036 —30.8 2) Sheree NW-1.3 135 OL —38.0 
07:15 . 036 —30.5 gl ene NW-1.0 135 OL —37.5 
07:30 . 018 —32.8 I SE-1.0 135 OL —36.5 
17:00 115 —18.5 | a ee Ge oe a NW-1.0 135 OL —33.8 
17:30 . 096 —18.0 _, (erie N-1.0 135 OL —34.0 
18:00 - 107 —2.6 | re ae N-1.3 135 OL —-H.3 
18:30 . O9R —21.7 > See aa -I 135 OL —34.7 
OT ER a) ee Sees Sate hee Lee 05:30 045 —28.0 ji, = orate NW-1.0 135 OL —32.0 
05:45 . 041 —28.0 f) SG NW-L0 135 OL —32.0 
06:00 . 036 —28. 2 i, Boers NW-1.0 135 OL —32.3 
06:30 . 040 —28.9 | Sr -HiERS ee N-10 135 OL —34.0 
07:00 . 022 —28.7 DF Ie Biticccnedeoed -1.0 135 OL —33.8 
SA ee ee SR poe > le 05:10 . 038 —12.0 Ek ES A N-10 136 oD —18.9 
05:30 . 042 —12.0 TR tic. N-1.0 136 oD —18.9 
05:50 . 046 —12.0 ot, >  Saaeneee sete N-1L0 136 oD —18.8 
06:10 . 050 —12.0 SF Gticccecdoces N-10 136 oD —2.0 
06:30 . 031 —13.0 DD Gabitbicwecniecsn N-1L0 136 oD —2.0 
17:45 . 100 —3.3 ap Sagem W-10 135 oD —15.7 
18.00 095 —3.3 Few 4 > ae W-LO 135 oD —15.7 
18:15 . 096 —3.6 i} ON Sx te 135 oD —15.9 
18:30 . 092 —3.8 2? eee W-1.0 135 oD —16.0 
SF PE A > Ee eS. Rk Me SS 05:30 . 048 —15.0 i aaa W-1.0 135 oD —2.8 
06:00 . 049 —15.0 . ~) ¢ =e NW-1.0 135 oD —20.9 
06:30 . 034 —15.0 pe @ NW-1.0 135 oD —21.2 
07:00 . 016 —16.5 © BA i cncancce N-L0 135 oD —19.6 
17:30 . 109 —1.0 23) ° Geena -1.0 134 oD —14.0 
18:00 113 —1.6 | ») © Se-gaaineaa NW-1.0 134 oD —14.7 
18:30 115 —2.8 2}, \t Seeere W-1.0 134 OD —15.3 
oe ERE ED 2 En ee Se Cah Meee) ee 05:30 . 030 —13.8 | | ee I le W-1.0 134 oD —18.0 
05:45 . 032 —14.0 eb =e oe NW-1.0 134 oD —18.2 
06:00 . 035 —14.0 ay ¢ =e N-1.0 134 oD —18.6 
06:15 . 034 —14.0 je. @atetenrm N-1.0 134 oD —19.4 
Ee Oe ee ae eee Cee, 22:00 . 102 —4.9 . BL: ® oan ee Calm 1 0G —6.8 
22:30 079 —4.3 ot >a W-L0O 1 oG —6.3 
= See ES A Pe. ee ee 06:00 061 —8.5 LEM ‘= GRGRRR ee W-L0O 1 oG —11.0 
19:45 072 —5.2 | oP RR Se Calm 1 0G —8.8 
19:30 064 —5.4 . af * 3a ee Calm 1 oa —10.0 
a, RE ES Se ae es 21:00 . 083 —4.4 CC “+E Gee Calm 1 0G —10.8 
22:15 .072 —6.3 . SF ete eee N-1.0 1 oG —11.9 
EE SE Ee ee eee. ee 06:15 . 059 = Jared  & >: +-aeie ome Calm 1 oG ~—12.7 
20:30 . 076 —6.2 OT ) Bi tiemcccocdotwn NW-1.0 1 oG —12.4 
22:30 . 093 —7.0 at *. aR mee | NW-1.0 1 oa —13.2 
PR Se Se eee 22:30 . 043 > 3 Bperee | Dt. -«--oaeee wee S=NW-1.0 1 oG —13.5 
RRR PR RS A IS ST 20:00 . 083 —13.1 | PS See. a fed. NW-10 1 oa —18.0 
22:00 .072 —14.7 | | Seen ae Calm > f —19.0 
+t RR RE Sa ee kee Meee 06:15 . 068 —16.6 Ee eee Re ee N-1.0 > @ —2.0 
23:45 .079 —12.8 ES) aN es Calm > (@) —17.0 
te DEERE Se ae ch a Te sO 06:30 . 074 —11.1 gt tl Sean eee Calm T () —15.5 
RI a Re IS. a RE 23:00 . 074 —3.9 ei ES SG Calm > (‘) —10.9 
23:30 . 089 —4.0 _ | eee aa ee N-1.0 T @) —10.9 
SR See << ES Rh ee See 20:00 . 084 —2.2 | BS Calm 7 (*) —7.7 
21:30 . 085 —4.9 Divakhdestigpacnsedeces Cal T oO —9.7 
ES See ek Se eee 22:30 . 073 —7.0 Ly stone NW-1.0 ¥ N —12.8 
fy RE SA: Ste 5 RS PER 19:30 . 068 —13.3 DF Uiiistititenteernws Calm v NL —17.0 
| RSE a hees i ee Bory. kD 20:30 . 025 —14.2 a RS NW-1.0 v NL —16.8 
TTT: i xsonndiunisieie ahemniecsatadicaneuaraianautiinn eee 06:00 . 079 —15.7 | aber een EE els. Calm 10 NL —23.0 
| Re hee 19:00 . 069 —6.0 ' S| Seo tREs aa N-1.0 10 OL ~12.2 
is REE RNC, sees 2. ME Pe... as 20:00 . 064 —11.3 © Rig eiiactesodsiwe NW-L0 10 OL —18.5 
20:30 . 065 —11.2 _ | RRA. a Calm 10 OL —18.9 
RS RS te EEN. Cem ae 20:30 . 055 —14.6 _ | BO ae NW-1.0 10 OL —19.4 
23:45 . 059 —16.7 SE eee Ry Calm 10 OL —21.0 
RE ARS es, See Ee RS 06:30 . 045 —17.6 f | Same Gass NW-13 10 OL 21.2 
>) SSR Re eeRe Hite ee 19:00 . 067 —17.2 | CR - 6 Se Calm 10 NL —22.0 
TE: 2 NE a: ES Be ei 06:30 . 049 —21.6 _ gOS 5 RI OE Calm 10 OL —22.8 
19:30 . 055 —20.3 ft coaceneceiaibindaben: Calm 10 OL ~23.7 
23:30 - 055 —20.3 ©  .cicendnsisthne sen N-1.0 10 NL —%0 





1 Snow patches. 
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TABLE 4.—Outgoing radiation, Fairbanks, Alaska—Continued 
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PART I.—0-2/10 CLOUDINESS—Continued 
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TaBLE 4.—Oulgoing radiation, Fairbanks, Alaska—Continued 
PART I.—0-2/10 CLOUDINESS—Continued 















































Cloudiness Snow surface 
Wind, direc- 
Date Local time Q. ¢. ato misih Comeau | © 
Mm. p. 8. Pp empera- 
Amount Kind (cm.) of top layer ture 
. Ca. 

1938 one °C. 
SRS RAE TR ee} 888) mes) Shs gin | ot] oe | 8 
ee es 20:00 046 —27.5 | eters “4 OL —33.0 

23:00 . 036 —28.1 _)° St eSaaey axed Calm 44 OL —32.6 
gE ERS 5! ARE E.G Saas ea 20:00 .059 —25,1 ] VS ore B6aH N-10 44 OL —30.5 

23:15 . 051 —27.8 7), Set RRB: acess E-1.0 44 OL —32.0 
REE SSeS EN Sea Bien. > So a ENE * 23:00 . 051 —28.5 eR nl PR Se N-1.0 “4 OL —32.9 
SUE onda analtt cesadedaatiteixeeednsoctcatedamcainaas 00:15 049 —26. 4 4p So ES NR N-L0 44 OL —34.2 
mm a mt em ot: | ee She mis | | oe | xa 

23: 50 045| 32.0 | RRS es Be 4| OL —35.0 
gS SSR, Pee) Seen. eet 2 Pe 21:00 .079 —19. 5 hae RL WEE: N-1.0 43 OL —%6.0 
ORR GRC ee: SCRE RE Me: Sy 23:50 . 082 —24.4 4 Meee ROE: hE E-1.8 43 oD —31.2 
¢ Symes Emir geen ganmmen tmieass coe (as 23:00 053 | =a 4 hae ORR Calm $| op + 
FR et. eee ele 00 ‘051 —15.3 ) aimee ee ie 43 oD —19.6 

21:00 . 050 —15.8 7 TL ble a RIES iy Calm 43 oD —20.2 
Ik 21:00 . 050 -7.4 4] bar ONES See. NW-1.0 48 NL —15.0 
Mar. 2 TE OE 6 6S = en 

WED: « «ch occas boscblianeseicthsc.cosstcmeneee ; —10. 7 A Pores ee —17. 

23:30 . 057 —11.6 OT] FS edeePeae Trap NW-1.0 48 oc —17.5 
SS Ne |—oFFR OE ES Se mis | 6B] Se | ims 
|g Re See A eS ee 20:00 055 ~12.5 ._. . e 38 oD —19.4 

23:50 . 051 —15.2 ld >< 2ge eine N-1.0 38 oD —21.8 
ae See Ss ee 2 ee ee Sd Ns 23:00 . 059 ~10.1 40 4 (:? Renee Calm 38 oD —16.1 
SIIIIEE Tint cicsulbpinintre sane waebediipniinedaalade ne 23:45 . 050 —15.4 | ae Dae Calm 38 oD —22.8 
| a RS aide. Siege) eB st. i SEK 20:00 . 089 —9.4 | Gite a Calm 38 oD —19.7 

23:30 . 068 —13.0 a) res dee See N-1.0 38 oD —21.8 
RR RS SEs eee wees SR 23:30 055 —12.3 of Ss samme N-1.0 38 oD —19.4 
I os sh incinecoosaumeaeditriweceusstiat eis 21:30 . 089 —12.0 | Lae ss Se NE-1.8 41 OL —21.1 
gS EE ET RE 21:30 . 084 —14.8 Sat ae Calm 41 OL —2.8 
DT Wns chccaddiesnosdhtinienucisecdialeneaiee 21:30 . 092 —15.7 iii: =e Calm 38 oD —22.3 
BER. 1... ----nnnonenmoepen-nocnvocseccnsnergrosecsnnss 23:00 . 060 —21.8 iat 6 =e N-1.0 39 NL —%.7 

PART II.—3/10-6/10 CLOUDINESS 

1936 
A es oe ee ee ee 02:35 0. 101 —8.0 | & Se W-1.3 3 NL —7.8 
WIG Blhvs cwicvnatisiecccasd hacdksassendsisttieteeseskae 08:00 . 066 —19.9 t }.S. ana Ges N-1.0 2 OL —19.9 

08:30 . 065 —20.0 Dein an dcdbcene N-1.0 2 OL —20.2 
|p ee SSS eee eS Ba 00:30 . 026 —26.0 rT? oe }O.RmemeDEteS N-1.0 28 OL —31.2 
AERTS: Taille alli Ss 09:30 052]  —31.6 |{ LE Ngee SEE | OL —35.8 
ii ndininncosicnsciadenttnichabiatiaasaaietkens dae anee 22:00 . 021 —29.8 |. Saepee N-1.0 41 OL —33.4 
22:30 . 020 —29.8 >¢ < Seen N-1.0 41 OL —33.3 
ee 22:30 . 013 —18.0 SS. TS E-3.6 41 NL —2B.5 

1937 
DO co cendcecc eewiapthaanesiosbai te oe 08:30 . 035 —20.3 fv > a N-1.0 52 NL —25.2 

09:00 . 036 —2.0 jt 8 = _ee N-1.0 52 NL —25.2 

. 034 —19.2 <P on eee E-1.0 52 NL —21.2 

eT. Re A SOP Rie ig. SE 09:30 .073 —18.5 >, e+ canon NE-1.0 53 NL —2B.5 

FOR, BB. noc cccccnssenccouibipentaccseqscseinsetinteebunind 14:45 - 120 —19.0 { ; - aeanameeet } 8-1.0 51 oc —27.0 

22:00 . 016 —18.0 i NE-18 51 oc —21.0 

23:30 . 019 —17.0 RY 2 2ekt enema N-2.7 51 oc —19.0 

DID DU,...occinsimnniciiinebcasmamamiasam eens 17:00 . 089 —4.5 | °E Sanaa ate NE-1.0 71 NL —10.2 

19:00 . 008 -1.7 ly J peeeege E-1.0 71 NL —5. 

po eae: Meee Metin Mees 23:30 045 —11.6 ite incinincbesaaia N-1.0 56 oD —156.8 

jy | ERROR? $A CARIES SR Pc RS 19:30 .090 —22.2 Be es inicnichivooe Cc 56 oD —2.0 

20:30 . 086 —21.5 I ibicabctnes Cc 56 oD —30.5 

21:00 . 100 —23.0 OP. acai ges N-1.0 56 oD —30.8 

Be OE .. .nninuciclpipinediaentncemsiides eee 02:00 . 054 —22.3 Ns ccivaiceual N-2.7 109 NC —2%6.8 

BR nccccccevtbheesodsthonséstenshceaetaaneaee 17:30 . 064 —29.0 DR tinieckonca N-1.3 107 oD —32.2 

18:30 . 062 —30.0 of 2 MRE Cc 107 oD —33.9 

21:00 . 042 —30.0 Oe Mn wchsons N-1.0 107 oD —33.1 

22°00 . 030 —29.6 $ A. st. Ree Cc 107 oD —32.8 

TR, Thon ccnjewccciipp eoountiipecieunendeneiniedhimaadaa 07:30 - 026 —19.0 { 5 Ast ROA E N-1.3 108 NL —22.0 
3 = I EF. A 

08:00 048 —18.0 { its) caeenenonae NW-1.0 1s | NL 25.0 

SE ee eS. he eee 07:30 . 062 —14.8 ifs oases E-1.0 109 NL —18.0 

08:00 . 056 —12.8 | ema pene: NW-1.0 109 NL —21.3 

Re emmy eae ET 17:30 . 055 -5.9 Oe eee SW-5.4 117 NL —8.9 

18:30 . 055 —6.1 | Sanna tame SW-4.5 117 NL —9.0 

ir) ae MR A SRNR a Ste > 16:90 ‘os | RO A) Scssugmenen seas c iw| NE #1 

17:00 080 —2%6.4 1) ye eR eee c 130 NL —36.0 

17:30 ‘| are f) acca ane S10 iw | NL 8 

17:30 ‘ —27.8 hl RS aS J —37. 

, Af, sc Ameeec * a. 

Re ae A Tn ERE 08:25 055 —%.1 |{ a } NE-1.0 i31| NL 33.8 
. if = Tae ee * 3 

08:45 . 030 —25.8 { 91 ie Sirens NE-1.0 131 NL 5 

RNa Ce Ce eas 17:45 . 083 —31.0 { : - eengaammamee eae: N-1.0 131 NL —38.5 
Da iiictncethcer » 

18:00 .080 —31.2 { a © 1311] NL 38.0 

Cf a OE Bee se 18:00 . 084 —20.2 RR. ema N-1.0 131 NL —26.5 

I i ocndcenctite cinch coccasendscoabiciacucal aaal 07:00 . 038 —2.5 hk nm ese: NW-10 131 OL —33.9 

07:30 . 019 —2.0 Sf = eweme ate: N-1. 131 OL —34.2 

08:00 . 019 —27.0 Bt Wl cecccdeced NW-LO 131 OL —H.0 

16:30 . 066 —19.0 B11 Bie ences Cc 131 OL —%.5 

17:00 . 062 —19.0 104 = see Cc 131 OL —27.1 

17:30 . 054 —19.8 a 5 ais sats N-10 131 OL —27.8 

18:00 . 034 —2.4 6 PGi Siicedeces Cc 131 OL —77.0 
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TaBLE 4.—Outgoing radiation, Fairbanks, Alaska—Continued 
PART II.—3/10-6/10 CLOUDINESS—Continued 











































































Cloudiness Snow surface 
Wind, direc- 
Date Local time Q. t. we ee Reith oe ishateien 
m. p. 8. Dp aracter pera- 
Amount Kind ° (em.) |oftoplayer| ture 
@m./cal./ 
1937 em.?/mm. °C. 
| ER ERS LS 5) SA tee ee 16:30 0. 072 —21.0 4 131 oL —29.6 
17:00 . 068 —20.9 4 131 OL —29.7 
17:30 . 046 21.5 4 131 OL —29.6 
18:00 . 038 —22.4 4 131 OL —29.4 
SE Ode. See 2 See Se ee See 05:30 . 064 —32.8 6 135 OL —39.0 
ay ERIE ORC) RED 3h | PORRERNS FESS. 1 £. _SSRR SS 17:00 072 —20.4 5 135 OL —25.0 
17:30 . 056 —2.7 5 135 OL —26.0 
18:00 . 055 —2.8 4 135 OL —26.6 
ge SL! eS. See ee a Ae eee 18:50 . 050 —19.8 5 135 OL —%4.3 
RD SR ee A a aS es Soe 05:30 . 035 —2%6.1 3 136 NL —28.0 
05:50 . 032 —2%6.3 3 136 NL —28.3 
06:10 . 032 —26.8 5 136 NL —-2.8 
06:30 . 018 —25.7 5 136 NL —28.9 
07:00 . 018 —26.0 ; 136 NL —28.5 
OS Re PO, ae 5 tee Meee! Se eee Se 17:15 . 064 2 133 oD —7.0 
2.5 3 
17:30 . 064 2 133 oD —7.2 
24 3 

18:30 . 075 L8 3 133 oD —5.0 
Sa Pore Ee © Eon Cee: ee ee 06:15 . 078 ~=7.0 3 1 oG —8.1 
nd buicinth road de tecbennuntdéactathcnncceakucss 22:30 . 060 —6.4 6| A. 1 OG —10.4 
SNR ARE RN 2 RRR Rta. SSR ess 20:00 . 066 —3.2 3| A. 1 oa —8.2 
OY Ee RE NE —ReRRNREES eee «$y eR OTer 19:30 . 046 —42 4| A. 1 OG —8.6 
|S RE GREER, REN ©. CREA RPE 1S 2 RE SORES 20:30 . 025 —5.0 6| A. 10 OL —7.7 
TARR RS ie es REIS, Siem Le ee eee er 22:30 . 010 —6.7 3| A. 10 OL —8.8 
Lk RL LOS. SRO FORRE Hh aE ott 21:00 . 066 —11,7 3/A.8 10 OL —19.0 
| Re LL ES I AS. SIE ee 23:00 . 049 —19.0 1] A. 10 NL —21.6 
Ra RE” A ORR SRE. So a SOEs? 20:15 O11 —14.0 3/A.8 10 OL —16.0 
I  ieichinccethet,-sncdbihtnsumecucodiuee shee keg: 22:45 . 059 —8.3 5| A. 20 NL —14.9 
23:15 . 061 —8.5 4| A. 20 NL -14.9 
Re |. Se ee |. Re 19:30 . 025 —13.5 5| A. 20 oc —15.0 
23:30 . 033 —13.1 3] A. 20 oc @ —15.8 
TE EERE cS eee ee a ae 19:45 . 003 —26.0 4/ A. 25 OL —25.2 
20:45 - 017 —24.9 4| A. 25 OL —23.5 

1938 
OS SATE Di TS Se Ss 20:30 . 035 —34.3 fe Se NW-10 20 oD —39.0 
Nea ES ate SERS Baar Fo 01:30 . 031 —34.5 le: a aRAeReneeet N-1.0 20 oD —40.0 
 «incshcianntiticbnth Rabaninedeenddelidiatbat acwackuaied 21:00 . 050 —19.2 ED. pain clreas NE-1.0 20 OD —23.5 
23:30 . 049 —20.7 es scandens. Calm 20 oD —25.5 
ET. 5k 1th... cthiteincocwtadiesellindcccuabtins 23:00 . 051 —19.8 Tei 2s ag N-18 38 oD —24.3 
RE RR 5° SERRE A - ES es OS 23:00 . 026 —18.2 (5 ‘sadiis ie SW-1.0 38 oD —19.2 

PART III.—7/10-10/10 CLOUDINESS 

1936 
A SRE, SEE SECEDE TROND We're 05:15 0.080 —1.0 ea eee NE-1.8 1 oD —7.5 
06:30 . 058 —1.2 fh | ho aR RRS NE-1.0 1 OD -7.5 
| Re TEES 2S 6, Se eA - CU 05:30 044 —1.0 etka IRE 8-1.0 4 NL —1.0 
06:15 . 030 —.5 Be Be icdewisabinone 8-1.0 4 NL —1.0 
ae Ges See SS oe? ot Se 05:45 O11 —6.0 Siegal iia EIS N-1.0 13 OG —14.9 
06:20 011 —5.8 {SS eet ere N-1.0 13 OG -14.9 
EE ES footers Reema Ses T) 03:10 . 102 -8.0 lg “peguet aes SW-2.2 3 NL -7.8 
li licscccbeinicltliaanecbdltbesetsasbamedtietcaibedel 06:15 .036 —10.2 { +L ndeauaanan spans NW-1.0 3} OL 8.5 
07:15 .038 —10.4 |{ i oe NW-1.0 3| OL -8.7 
BES SEER § RR Rw ERED te 06:30 042 —6.4 SS eed gals E-1.0 5 NL —5.0 
07:30 O11 —5.8 OY Sd RSE E-1.0 5 NL —5.0 
ty RT SE: CS. Ee ee: eee 06:30 O11 —4.9 Sd al NW-1.0 5 NL —4.6 
8S IR NR? LR RR me 2) 2 Rites 07:00 .031 —7.5 2) Sanaa W-1.0 5 NL -7.0 
08:00 . 028 —8.0 Be es wcrcdcoeiee W-1.0 5 NL —8.6 
Sg RR SEE, SEES Ses: ee Neto. ee, 06:05 O11 -14.5 1 > aaa ball NW-1.0 28 NL —13.2 
07:15 O11 —14.6 “So hek aRapenine aes NW-1.0 28 NL ~14.3 
GE i cobicocbechccacho pbiiccandsbastcrcdenmai 06:15 011 —18.6 p aeet ninaRQaans SE-1.0 28 OL —17.5 
08:00 O11 —18.6 2) She hleaeae aeae E-1.0 28 OL —18.6 
OS a ES ee Sea Ls Ne Ree 07:45 005 —24.6 10 E-1.0 29 NL —23.4 
SRP RGN 22 caraeeee on°T) 09:30 .020 —41.7 = Cc 41 OL —44.4 
10:15 .021 —41.1 = E-1.0 41 OL —43.5 
ke SAE aie en EE See ee. a 08:45 . 011 —21.7 re) 42 NL —22.4 
09:00 O11 —21.7 Cc 42 NL —22.4 
23:15 017 —18.1 E-2.7 42 NL —22,2 
SR Se 2 ee Ps CRA 08:30 .000 —11.2 Cc 43 NL —11.8 
09:00 .000 —I11 Cc 43 NL {13 
RE EL” Be ee, es 07:00 . 010 —3.0 Cc 61 OL —4.7 
07:50 . 005 —2.5 Cc 61 OL —4.5 
ee ee ee 5 eee, ON!) EI 09:00 . 006 —2.2 E-1.8 . 64 NL —4.2 
09:45 . 006 0 S-4.0 64 NL —3.5 
22:00 . 003 —.8 E-3.6 64 NL —4.8 
ie 23:00 . 003 —.8 E-2.2 64 NL —4.5 
Ree Cseeee 2 ees oS RO See ae, 08:00 . 038 1.1 NE-3.6 os NL aun 
08:30 . 038 1.3 NE-3.6 64 NL —4.2 
a 15:00 -042 —19.0 N-1.8 64 NL —23.3 
15:30 042 —18.8 N-10 64 NL —23.2 
23:30 . 007 —17.0 Cc 64 NL —18.0 
aR SR ee oe A Ge 01:30 . 008 —17.0 Cc 52 NL -17.8 
03:30 002 —15.2 E-1.0 52 NL —15.8 
07:30 . 000 —14.8 SE-1.0 52 NL —15.3 
09:30 .001 —14.8 NE-1.0 52 NL —15.2 
| RE FOE Ee |. I ED REET i 23:30 . 066 —1.0 NE-5.4 1 oD —5.2 
24:00 . 065 —1.0 NE-6.7 61 oD —6.1 
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TABLE 4.—Outgoing radiation, Fairbanks, Alaska—Continued 
PART III.—7/10-10/10 CLOUDINESS—Continued 
























































Cloudiness Snow surface 
Wind, diree- 
Date Local time Q. t. <a Paes ‘ ‘ 
Mm. p. 8. p haracter | Tempera- 
Amount Kind (em.) of top layer ture 
Gm. ea./ 
1937 cm.4/mm. °C. 
A ee ee | RS he PR eee 09:00 0. 009 0 s1| OD ~23 
10:00 ‘012 1 bi| OD —23 
rs ee? cones 2 SE ee ta 10:00 009 —16.0 53] NL —16.5 
15:00 “049 —14.5 63| NL —16.8 
16:00 "009 —10.5 83| NL —12.0 
oe a ee ee a ee ee 15:30 .120 —2.8 { s1| oc —2.0 
00:30 .013 —14.0 51 oo —15.5 
15:30 "048 —4.0 71| NL —6.0 
01:00 “012 —11.2 56| OD —128 
08:30 ‘006 —15.5 6| OD —16.4 
08:30 .046 —13.2 9| NL —14.0 
09:00 046 —13.2 91| NL —14.2 
10:00 .021 13.1 91| NL —16.0 
A ee 2 ee SRE ae 14:30 . 036 —14 10 107 oc —24 
SAI. .casecanchihanadhiiibersiansteasteieditiaetascdl :00 ‘007 —15.6 -8 109 | NO —16.0 
PED. MD... - occ teauedsdliduenacctubrenciahdliiasudicendl 03:30 "054 —20.0 9 109} NO —21.8 
07:30 004 —11.2 10 109| NO -14.6 
08:30 "004 —1L0 10 109 | NO —14.5 
TON. .nurenccdlidrbactidicdttibiibudtehdsndiemell 3:00 "018 —2.3 7 107} OD —31.0 
24:00 "003 —27.6 10 107| OD —2 6 
ee STU ae Re 07.30 .028 —26.0 $ 107 oD —25.5 
08:00 . 003 —%.0 : 107| OD —23.5 
ene ies Se ae ey ee 08:30 048 19.3 : 108} NL —%.6 
SS? STR ASSES oy io 16:30 026 5.3 8 n7| NL -7.0 
Sei Mics) canadhtssenudidliiiteeceinisae arate 07:30 ‘O11 —21.8 8 117] NL —22.0 
08:00 "001 —18.5 8 117 NL ~18.9 
ee) eee oe Se Ee 07:45 . 080 —16.0 ; 127 NL —21.8 
08:15 . 052 —15.5 : 127 NL —21.5 
08:45 011 —17.5 : i7z| NL —21.0 
Re Fe EY SOG A EE | Reis 07:15 011 —0.7 10 17| NL —21.2 
TEE Uk. 5 hanatéueneauntnanisnadintaitimenesac cael 15:15 "032 —2.6 7 123] NL —31.0 
15:30 1033 —23.4 7 123] NL —33.2 
16:00 030 —27.9 7 123] NL —32.5 
LT 6 ER eee SE 07:00 “022 —2.5 9 130} OL —2.7 
07:20 *017 —26.8 9 130| OL —29.8 
07:40 026 —26.7 9 1330} OL —30.0 
08:00 "023 —26.8 9 130] OL —30.2 
08:20 034 —2.0 9 130 OL —30.8 
15:00 .001 17.4 : 130 OL —18.1 
CUTE, hi cevininsaiudbiadiamainneniaetate ie 07:45 .049 —25.5 : 131 NL —30.2 
08:05 . 069 —26.0 ela 131 NL —33.0 
15:40 .046 —26.2 8| A. 131 NL —33.7 
16:10 "031 —26.0 9| A.8t 131} NL —32.0 
16:40 "015 —26.0 9| A.S8t 131} NL —30.3 
17:10 "003 —%.7 | A. 131} NL —27.0 
ty ee Re A: Se ee, ho 07.00 "009 31.6 ame... .c..... o 131 NL —32.5 
07:15 "009 —31.8 aan © 131 NL —32.3 
07:45 ‘019 —32.2 A aR NE-1.8 131) NL —33.2 
08. 15 021 —33.0 i } Nw-1.0 i31| NL -%.8 
08:45 023} = 33.4 S| ae ——--------— } NW-10 31} NL —36.3 
lg wee tome See Dey Ree 06:00 020 —42.2 «Ramana re) 131 OL —46.0 
06: 30 "030 —4.4 bk RRR ra) 131 OL —57.0 
07:00 026 —45.1 ee aR ra) 131 OL —47.0 
07:30 1026 —45.1 se RI 0 131 OL —47.0 
08:00 ‘oll —42.7 ee eee c 131 OL —45.2 
ee ee Se ee A 5 06:30 042 —35.0 je  appmeee se so N-L8 131 OL —41.2 
07:00 "050 —35.0 So) ee... N-18 131 OL 41.7 
07:30 050 —33.8 TR © sepa cesac: N-1.0 131 OL 41.5 
08:00 ‘051 —32.0 0 ti cresaece N-1.0 131 OL —40.7 
16:30 046 —18.0 TAs capensis NW-1.0 131 OL —%.0 
17:00 "044 —18. 4 [f sareescena NW-1.0 131 OL —% 2 
17:30 058 —18.9 oS) ee oa NW-10 131 OL —%.5 
ee, ee ee ee ee 06:30 “046 —2.8 oI scan ceed NW-1.0 131 OL —33.8 
WPI sf cevaay oe coach Piscestanscdiacinn ee doumar 06:15 "035 —25.0 TT aN OIE NW-10 131 OL —2%.2 
06:45 "038 —25.0 10 131 OL —30.0 
07:15 "029 —25.1 10 131 OL —30.7 
07:45 "000 —25.3 10 131 OL —25.1 
ee a eee. es 06:45 "000 —0.0 9 132] NL —19.5 
16:30 000 —17.0 10 132 NL —15.8 
es eS ae ae ae 16. 30 .017 —14.0 : 133] NL —14.0 
16. 45 .017 -4.1 : 133 NL —14.2 
17:00 . 022 -14.3 133| NL -14.6 
17:30 . 023 -14.7 : 133) NL -15.1 
18:00 . 037 —15.4 ; 133) NL —16.0 
DDD echceccakbbscishelivinnddininacedtidiiedets on 06:30 .009 —18.0 9 133] NL —18.8 
07:00 ‘016 —18.1 9 133) NL —18.9 
07:30 . 008 —18.0 { ; 133| NL —19.0 
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TABLE 4.—Outgoing radiation, Fairbanks, Alaska—Continued 
PART III.—7/10-10/10 CLOUDINESS—Continued 















































Cloudiness Wind, direc- Snow surface 
Date Local time Q. t. wr es sp o 7 
m. p. Ss. haracter ‘empera- 
Amount Kind ° of top layer ture 
Gm./ca./ 
1937 cm.2/mm. bg 4 
Os FES. SE ESE aero 06:15 0. 036 —22.2 9 NL —23.7 
06:30 035 —22.3 9 NL —24.8 
07:00 .041 —22.5 9 NL —27.3 
07:30 . 020 —23.0 9 NL —27.7 
17:00 055) = 15.1 |{ : NL —20.4 
17.20 054 15.2 : NL —20.6 
17:40 .050|  —16.0 ; NL —21.0 
18:20 . 039 —17.4 : NL —20.6 
SS Ee eee ene: SN eee nee RE ME 06:30 . 003 —18.8 10 OL —18.9 
06:45 . 003 —18.8 10 OL —19.0 
GT AES Se: Sr ae: aes ee Ome ne NRT in. TURE 06:00 055 —82.5 7 OL —38.8 
06:30 - 035 —31.7 8 OL —38,2 
07:00 . 020 —30. 6 8 OL —37.0 
07:30 . 008 —32.3 8 OL —35.0 
16:45 . 030 —2.5 9 OL —25.5 
17:05 . 065 —21.4 9 OL —26.0 
17:25 . 047 —21.0 9 OL —25.9 
17:45 . 066 —22,2 9 OL —27.0 
| ees eS: ee Se ee ee oe 05:45 . 009 —22.0 9 OL —23.0 
06:15 . 009 —22.0 9 OL —%3.5 
06:45 . 002 —22.0 9 OL —%.4 
16:30 . 003 —19.4 9 OL —18.8 
EF eat ct Ae Mln~ Seas ee Ae ne pre 16:45 . 007 —19.5 9 OL —21.0 
17:15 . 045 —20.0 9 OL —22,2 
17:45 . 028 —20.5 9 OL —22.2 
18:15 . 046 —20. 2 8 OL ~—23.7 
ae ar sched: dasesdel ene eae 05:45 . 026 —23.5 9 OL —23.0 
06:15 . 022 —23.7 9 OL —%.1 
06:45 . 005 —24.0 9 OL —24.1 
07:15 . 004 —24.0 9 OL —24.4 
eee a eee Meee eer ayes Ree 16:45 . 016 —17.9 9 OL —18.6 
17:00 . 016 —18.0 9 OL —18.9 
17:20 . 016 —18.3 9 OL —19.0 . 
17:40 014 —18,7 9 OL —19.0 
18:00 O11 —18.9 9 OL —19.0 
Gach santa inscctlbinnnwnnienncnltovccdvennes 18:30 044 —19.4 |{ : NL 24.0 
Oe ae ee ee ona 17:15 . 080 —8.0 7 ND —16.0 j 
17:30 . 080 8.2 7 ND —17.0 j 
18:00 . 044 —8.5 8 ND —17.3 
A: SRS TER CS A," 2 SR Pea CE 05:30 . 046 —15.9 8 oD —18.6 
06:00 . 025 —15.6 8 oD —18.9 
06:30 . 019 —15.4 7 oD —19.0 J 
17:30 .000}  —10.0 : oD -17.1 
18:00 044 —10.4 : oD -17.3 . 
eee EY 2. SR 2 Ss es SS ee 18:00 . 063 2.0 ; op 5.0 
SS OS SS ee eee en Se A a 05:30 . 073 —8.1 8 oD —15.8 Jk 
06:00 . 084 —8.0 s oD —16.0 
06:30 072 —8.0 8 oD —14.5 
07:00 .013 —9.8 8 OD —14.0 Js 
16:45 .101 3.9 8 OD 7.0 
17:00 . 106 3.7 8 oD —7.2 
17:15 . 100 3.2 7 oD —7.6 Ja 
17:45 . 104 2.8 7 oD —8.2 
gy SS sR Ek ES eS 00:30 .074 —5.5 8 OL —5.9 
cis onesik inenn deblichinenctcnaden dees jae 06: . 056 —5.0 8 oa -8.7 Ja 
SPE iii inchbidichondsiainwesdettnennthasionmuadntatn 01:15 . 009 —3.6 10 0G —5,0 
06:15 . 006 —2.3 10 oG —4.0 Fi 
| 2 BSS ECE Seas Eines %." 06:15 . O58 —10.7 8 oG —14.0 
St EDC BR | TPO GIR SaaS EFT te 06:00 .038 —14.7 8 oG —16.5 Fe 
RE SOE SLES SL ES CERES Se 06:15 . 046 —12.7 8 vu) —15,8 
ee ‘ ‘ en 23:30 . 022 —4.5 10 (1) —7.8 Fe 
4, SORE EEC UC ent Bc ag Bebe pee Seva 06:15 019 1.0 10 (‘) —4.6 
GR | aS OE a Ne TT 06:15 . 030 —5.3 () —3.5 Fe 
GR EC RS FRING at SO CLS DS 06:10 —. 004 —2.7 10 Pee hiiusince 46 
SN RR eR ey 2". 5 HS | A 06:15 . 025 —11.4 10 NL —13.8 Fe 
| ON SER SESS ES sc, <I BRE on TOU CIEE 06:05 . 002 —11.0 10 oL —11.0 
SE SRE 6 it: RR 5 a EES 21:30 011 —4.2 10 OL —6.0 
RS” ERS Bs RR ES FT 19:30 . 009 —3.7 10 OL —5.4 Fe 
20:00 018 —4.0 OL —5.8 
22:00 042 —5.3 9 OL 8.0 
A GS” ae ee ee pene: ge SEs ee 23:45 003 —8,7 10 OL —9.3 Fe 
4 RL SRE 2 SCRE A A Ae ON 06:45 001 —12.! oL —14.3 Ms 
ae RS a SN Pe * de OS 23:30 . 087 a! OL —8.9 
23:45 . 084 —.1 OL 9.0 Oc 
ny DS Pe a ee Bt eee PR os « Sa Eee 22:15 .018 —15.2 10 20 NL —17.0 
23:00 017 —15.5 10 20 NL —15.7 Oc 
See pt OE OOD. I AER ee 23:30 .017 —3. 5 10 23 NL —5,7 
23:45 .017 —3.3 10 23 NL —5.7 Oct 
Ee eee Oe ere oe eee a 07:00 . 003 —10.0 10 23 oc —10.3 
1938 Oct 
DI Bc cipewsinugsen open nvoneneteeigeiertaiimenhiniaiin 23:30 —. 038 —25.3 10 25 OL —2.3 Oct 
23:50 —. 041 —25.5 10 25 OL —22.1 
TE Se) ee MEER ENE, APR eaeee Sth BS 22:30 . 009 —17.5 10 20 OD —19.0 Oct 
23:00 009 —18.0 10 20 oD —19.8 
ON Eee ie eee Seer ees. SHOTS 23:45 —.016 —20.0 10 20 oD —19.5 Oct 
0 RE 2. SS RI Aa. | eee 00:30 . 002 —2#.6 10 28 NL —26.2 
SG cn kca ical css Bibles ccvdiccclatethétantenane 22:00 . 003 —30. 2 s+ 28 OL —30.4 Oct 
ES RRS 17 PERE 27 ORR AE Et ap 22:00 . 003 —24,2 10 34 NL —22.6 
22:45 . 003 —24.4 10 34 NL —22.8 Oct 
OY RR SS | See eee paren Cee ae 20:00 . 052 —9.4 a 41 NL —13.8 Oct 
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TaBLe 5.—Outgoing radiation, Fargo, N. Dak. 
PART I.—0-2/10 CLOUDINESS 














Cloudiness Snow surface 
Wind, direc- 
Date Local time "ae on “= 
= mM. p. s. arac 
Kind of top layer 
1936 
SDE... dnscatadsassaiedpecaingessstegotgeceibeiots 01:55 3.9 7) aaa WNW-5.4 | #:Nome j-.-....-.....- 
02:20 3.6 jee lo cee ae . |, oe  * Ree 
02:55 3.3 | ae ee ee Sei wee Ue 
i Uianttdvbihsdavadabdasrnbencnsditidietnneeenaanoed 01:00 6.1 Ree ee ele, me REN 
01:28 3.9 OP eet ems penile aail gee it - See 
02:10 3.2 gg ee Pa ESE-2.7 | +7Nome|............ 
03:00 2.2 4 ee aa ee | (i i  ) eee 
03:50 1.4 ES EE SN ESE-18 | #§+;,.—\None|-.......-.-.-.-.. 
23:25 12.7 OF 3 “RSET ee Eee (ws 
i ee ee 00:05 10.3 yt: . ar ages i a =, RRR 
00:35 9.2 Sh 3 See oe re Ge” > Se 
a a en ee a 19:30 —18.2 DL cecasnacdinsdebooed WNW-3.1 NL 20.0 
30 —18.5 BL aE See NW-4.0 NL 20.0 
21:30 —18.8 fe. Oe N-2.7 NL 20.5 
730 —20.0 Me oR SS. NE-4.5 NL —21.3 
1887 23:30 . 082 —22.0 @ 2 chodencatcstbececs N-1L8 NL —23.2 
nC: ..ncanivinssdebnantindtebesdnseenelneeaee 20:30 . 036 —32.0 Bf 2a os .= NNW-7.6 NL —33.0 
21:30 . 036 —32.0 gt BS eae = NW-3.1 NL —34.0 
22:30 . 028 —33.0 | Ree ee Se NW-5.4 NL —34.0 
23:30 . 052 —33.0 gree Se NW-4.9 NL —35.0 
a a es eee eS a 00:30 . 025 —34.0 OD Sh OE ee NW-4.0 NL —35.0 
01:30 . 022 —32.0 Pa iekididaudtocses NW-6.3 NL —33.0 
02:00 . 036 —33.0 f BE oe eee NNW-5.8 NL —34.0 
19:30 . 039 —29.0 PP = NNW-7.2 ND —30.0 
20:30 . 039 —29.0 Oo) oak. Jae N-6.7 ND —31.0 
21:30 . 025 —30.0 if > Saar N-7.2 ND —32.0 
ES ee eee meme kd eee 02:50 . 036 —26.0 a ee SSE-6.7 NL —2.0 
03:00 . 036 —26.0 , bP eee ee SSE-6.7 NL —28.0 
03:50 - 039 —26.0 Wisdisebenscoccubacena 8-5.4 NL —29.0 
04:25 - 043 —26.0 ) Pee eee 8-4.5 NL —29.0 
20:00 . 056 —24.0  ) Eee 8-5.8 ND — 29.0 
21:00 . 056 —25.0 _, Se ee 8-6.7 ND —31.0 
22:00 . 056 —25.0 ES 84.0 ND —3L0 
24:00 . 052 —25.0 +8. roe 8-5.4 ND —29.0 
Sy ES a a ee ee 02:00 . 052 —26.0 | SP aa 8-4.5 ND —30.0 
02:40 .052 —28.0 | fe . 7) SE 8-+4.9 ND —31.0 
03:20 . 052 —27.0 | Be ree 8-+4.5 ND —31.0 
04:00 . 039 —26.0 i] RS Oe eo 8-4.5 ND —31.0 
EE en ee a ee 00:30 043 —19.4 | Bes. ep See 8-7.6 oc —20.6 
ES ibinendonsuliidtipacesisdinanaummbaieaiaitndsdsddliiotol 22:30 . 036 —15.6 jh. SR cee SE-5.8 oc —18.3 
RRS 8 SES ES RE lS 21:00 . 061 —28.3 2, 2... ae N-4.5 OD —-2B.9 
22:00 . 056 —28.7 i  &... See N-3.1 oD —20.5 
23:00 . 066 —30.4 i) &* (. ce eee N-3.1 oD —30.6 
200 . 061 —30.7 eso. eee ae N-3.6 oD —30.8 
yg a ee Sees ee Sh a 03:00 . 039 —317 ii '¢. aaa Calm oD —32.2 
03:45 . 047 —31.9 ijpke. Saas Calm oD —32.9 
21:15 . 086 —26.0 Ze |, eee E-2.2 oD —20.6 
22:00 . 089 —24.7 Et.) - Saenger SE-3.6 oD —27.7 
Se Ps es ee ee 19:20 . 071 —25.2 jee eae SW-3.6 oD —26.2 
22:40 . 071 —28.2 S 0 Giicwsbésnancos NW-3.6 oD —29.0 
24:00 . 056 —27.0 ee SO NW-3.1 oD —27.5 
Ty Wciaducrctcbhowsntiiwiiebedediuesieiedeteankeennl 02:30 . 066 —29.8 7 Reh aaa NW-L8 oD —30.0 
03:15 . 056 —30.0 i#*| et ee NW-3.1 oD —30.0 
08:55 . 056 —29.6 if a® .. ae NW-3.1 oD —30.0 
Se! ee eee ee ee 01:45 . 066 —32.3 | BE eae Calm oD —37.2 
02:10 . 061 —32.8 if Bet: ON ee Calm oD —37.7 
03:00 . 061 —33.4 | SRO ee Calm oD —37.8 
a ) ee Ss eee eee | ee ee 02:10 O71 —33.9 i. gl ‘osha WSW-3.6 oD —411 
02:35 . 066 —34.1 | Et (Sonate WSW-2.7 oD —41.2 
03:05 . 066 —34.4 BO © Wehr ncscensecte WSW-3.6 oD —41.5 
ee. Se a a | 03:35 . 066 —35.1 | RS aE 8W-2.7 oD —4L8 
03:45 . 066 —35. 2 | See tes SW-2.7 oD —42.0 
SS Se ee we se 8 ee ee 20:00 . 082 —25.6 | St A? See ee ‘ SE-5.4 oD —23. 5 
24:00 .014 —23.9 | a eee SE-6.3 oD —26.9 
TR Eh....sccenceendasecstslicaccccausdncdstedaneeen 20:00 .071 —24.8 et as NE-3.1 oD —27.9 
21:00 . 071 —24.4 4 Si - ee eee E-2.2 oD —27.0 
OS as ee a a ee ee 02:00 . 076 —18.8 ib eee aa eee 8-5.4 oc —19.4 
03:00 . 022 —18.8 Bee oe Se 8-4.5 oc —19.4 
 ) ees ee a ee 01:55 . 042 —7.8 i,t ° —Saarpeew 8-3. 6 oc 
02:34 . 065 —7.8 i. = als 8-5.4 oc —9.2 
SS a es Se ee ee ee 02:00 . 082 —24.7 5 Be SR See NW-3.6 oc —25. 
02:35 . 082 —25.6 | a” ae NW-4.5 oc 
03:00 . 067 —26.1 ee eae NW-3. 6 oc —25. 6 
TG Eiuibiccutibinesesh duwvaiesncdousetitalnaasanae 01:55 . 068 —25.6 i) eee Beers NW-7.6 oc —24.6 
02:38 . 078 —26.1 3S a aaa NW-7.2 oc —25.0 
03:27 . 069 —26. 1 git “Oa NW-8.0 oc —25.0 
SE a Ts C5 Ps AEG SF 02:00 é ~—18.9 | Be! aes 8-4.9 NL —16.7 
RR ST RS Se Geet Se 02:00 —16.2 © te tbeianccakeneosa NNW-2.7 NL —18.0 
03:00 —16.6 {aS ae NNW-3. 1 NL —17.3 
Se > Se ee eee Se a 02:00 18.4 te | ere eae <2 > BRD Bcctiecccenss 18.8 
02:45 18.2 0 Geeeran.@ 4 ~~ BAe ticceces.<.-- 18.5 
ltt Diincadhscvsatlisoinitdbadomonsedussdcienunael 01:45 15.3 tt - S3eease a ° 8 ~ "RE Ee cecccowces 16. 
02:45 12.9 | eS WSW-4.5 BD Dibdeasccouws 14. 
Pe iinridsncinbehsccchddiiteesscsdsusnsheuadibiaasieial 02:20 3.9 2 ie NW-5.4 aaa 4 
03:30 2.1 et aa NW-5. eentgpeaeon 2 
PS 2s Se ee renee 6 ee 02:50 2.9 |) 6S = See ee . .§ Bea | eee 3. 
03:35 2.2 | Se ee 2. - -- Tr Rn esenaees 2. 
DL: ncicnenethieecacidlingsoasnsndetn~icbeaeneneen 02:30 —2.2 Ey ‘ot sgRepeh eats NNW-6.7 | Nome |-.-.-......-.-.-- —2. 
03:50 —4.0 2 - ee NW-3.6 AS —3. 
ee Se oes ee 02:00 —7.7 |) SE eee ne 1 Bead hiccccssscces 7. 
02:35 —-8.9 ES ees . i) i ~ | See —7. 
| as ae a a eee SR 02:10 —-9.2 | Bes. eae ee 6  Dieeenccen —9. 
03:15 —9.8 (fae ee | til —9. 
ee ae ee 02:00 —-3.3 a eerie ee f wih ccesseseen —3. 
02:40 —3.8 af See SE-6.3 seneimahoewe —3. 
_* eae eee eee Re Re 02:00 —.8 2 Wes caicktessee ESE-<~98 | =None |....-.-.-....-- —L 
RR ED IRE AS WS EE ES 02:19 —4.7 DY Bp icsacetedusss SE-6.4 '‘ None /........-.... —3, 
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PART I—#0-2/10 CLOUDINESS—Continued 









































Cloudiness Snow surface 
Wind, direc- 
Date Local time t. tion—velocity 
Kind (m. p. s.) Ccharacter | Tempera- 
of top layer ture 
1937 2. 
a8: Dh....nikcnivdtiesesudnapnboceusédtindiidbummabane 01:28 . 8 ES aes Se ae: | e 0 
02:50 —1L | eae ee ae, fe Recibhenpdnaa —-Lil 
si cccccapitos bankastiteteiditinwininntmonctia tall alent 00:54 —1. Re ee eee oo! a a. | See —2.8 
SPL Mivnodncdunmtnaenconegeitesscubdinagniiiabandimgeie 01:31 5 | a oa er. 2 See ek 3.5 
Sih lbs ncnendcuttiseatenienteuccetenecnebetitinnuinietel 01:46 7 ee ee WSW-5.4 | °Nonej--........... 11.2 
03:16 i) Re eS oe W-5.4 | °£=None j............ Li 
GOR, Dilecbacndnscs0nmpanintipwsccnbentaadhihaeiiaa 01:15  lntwiibdebicecccécccce WNW-5.4 | #°Nome |_......-.._. 5.1 
02:24 | eee ee = 6 Bn te. 2.7 
BES Bicccponacctnapenchanndtinnesssssguhdgbataiinecsue 01:37 |) eee eee 8SE-63 | None j_........._. 9.6 
02:40 — ) he oe. SS 9.1 
SS. «pa cusdddandadigaumiuetadalinaddieadtetmadd 02:00 —13.3 > Boe eee i ae eee —13.2 
02:50 —12.2 Of St ae ee Ta ie 80; See —12.2 
TS ee SEE 56 SS see ene STE tae be 01:41 —12 en oo thecal . Se et eee —1.2 
02:41 —0.6 f° > eae , 2° i ae |=) bees -.1 
a a ee ee a eee EEE: 01:33 —-18 i diiicthesenéepeccen ..' ae Shay —19 
02:45 —3. 4. =e em ae 6. -l ee —2.6 
Gs Tiss sebidckinceannombiadidineecebitiertianersluamensie 01:17 Sa Se Soe ae: 2 jee 3.4 
02:45 _ », RPS eee ee. fr 2.2 
BR, OO cctrokicaaehtiv caddie denciansendegeddibimenisnence 00:54 _ |, Sere ee NNE-5.4 | None j.........- al a 
02:32 % ) ROS ee ee ——— + Oe t... —.3 
Es a ree np eSTiE aar cee 01:45 —10.9 ||| Ee eS ee NNW-5.4 NL —10.1 
02:50 —11L.1 | ae eee eee N-4.9 NL —10.0 
EE TE eee Cairo RE OY ARTE abe ecoates 02:10 —11.4 fb Sea NNW-5.38 NL —10.9 
03:13 —13.9 ep Se NW-3.1 NL —13.8 
TE, Bhs cop nse qeemivenccngysnvnscncietheddbgtbeteoescs 22:30 —18 af = eee SE-3.6 OL —1.6 
FSS RS PS a Se 01:46. —11.9 | oe aa eae WNW°-8.5 OL —9.7 
03:20 —12.3 7 eee eee eee WNW-2.8 OoL —10.1 
21:07 —16.6 ) Ret W-5.4 OoL —15.1 
22:47 —17.7 i) Sate e ee 4.5 OL —16.3 
BIO OD. cncccedenecctnggeccccdctccccseqineibetcobeeese 00:55 —18.6 | ae ae WNW-49 oD —16.3 
01:55 —18.6 |) a WNW-4.9 oD —17.8 
21:37 —18.4 | SiPeot Cee w-4.0 oD —17.7 
23:10 —18, 2 |) ee aS w-4.0 OD —17.8 
DE BBs cnscncqittppoceds pdeecssencctenseinstncerneeces 01:59 —19.0 _) See aera Ww-4.0 oD —18.4 
22:15 —17.7 | eee eee W-3.6 oD —16.8 
23:58 —18.8 iL Gtaipwciapinipeciese Ww-4.0 oD ~178 
Se. TE, ch acncapyetcbnpebitctiinks oaitiahipicagmaties 01:08 —20.6 | NEB err are SW-2.7 oD —i9.6 
Ee Le een EIENE era 02:00 —7.4 _, reo SSE-8.9 oD —8.3 
02:55 —7.1 —) ae ae SE-8.9 oD —7.9 
22:50 ‘ —8.9 _ 2 eee N-3.6 oD —83 
BIOs 6...cccnccostuaposensetescecsesesenetphelbtesesatcons 20:50 . O11 —23.9 Dt ci habierwncescwses N-2.2 oD —23.2 
BO, Dinccepoccascsscccusesacccwvecejoceesohegbeseceeises 03:35 . 083 —21.0 Dh dihie i enewencocces NW-8.5 NL —20.6 
19:50 . O83 —20.2 et? a eae NW-10.3 NL —20.2 
20:48 .079 —21.1 to (TD NW-7.6 NL —21.0 
21:45 . 079 —21.2 fe NW-8.0 NL —21.6 
22:45 . 073 —21.4 | BS oe eee NW-7.2 NL —21.6 
TRO, TR. .nc peceasnspsesdngpacocesctcicoresnielpeocepessns 00:54 . 089 —21.1 ae ee WNW-6.3 NL —21.3 
01:59 . 068 —21.8 Be SR a eccoecbesece WNW-49 NL —23.2 
03:28 .071 —22.2 if SSREESS Seat NW-5. NL —23.8 
TIE Ti ocen ccc ctnppcccde seenncccnsngcteabotbtbestseeees 01:54 074 —12.7 ff SO aa ae E-3.1 OL —14.8 
03:01 . 070 —14.2 UR” “SaeeeeEeeces: E-2.7 OL —16.4 
BR, Be nccnoccaipeincecungiueessusseenashdbetbebcstacesen 03:10 . 070 —4.9 >: * See sw. OL —5.4 
BN, Wiciniktccctpind peti GGuteecescesosihabstoveecqued 20:50 . 007 —15.6 2) eee NNW-7.6 OL —14.9 
21:50 . 007 —16.8 | eee eae ere N-7.2 OL —17.8 
TIE, Binccpecccibbpncsdenitindoesccossenbpadetecveiumess 03:45 . 038 —20.7 Ct ° Sees area. N-1.0 oc —20.4 
22:20 . 018 —11.9 2 | RE ea SE-7.2 oc —13.1 
23:30 . 042 —12.4 OE BEG ntccimnesone SE-5.4 oc —13.7 
BE Oh castncnctinep renter octtbabicnnghhibotibedaenn 20:45 . 059 —12.9 2 eae ee N-+.0 oc —13.3 
21:45 . 036 —14.1 (| eee eae ee N-4.5 oc —14.3 
22:45 . 049 —14.5 _f OSes eee N-4.0 oc —14.1 
BR DR .c das tnginibnnsdcnabsvesccasedonsegetlibvecceenses 00:31 a —15.6 | eS a a N-3.1 oc —15.6 
01:53 " —15.4 | ee ee N-3.6 oc —16.6 
1938 
eR cnecgucnaplatninsidetinetmiatahanbindclibdipiinietbden 00:44 -11.1 f° aaa ae S-4.0 oc —10.7 
Pekan csddcnabberidegbeaesdesienctd Ab bgescnewon 00:45 —7.1 | RE SS ae W-4.5 oc —7.7 
01. 52 —8.8 peor Wwsw-3.1 oc —10.9 
23:00 —15 LS Sa E-1.8 4 oc —15.1 
TR Mbncnihubsnmhinet te tiu~eesenienbnbedidirnsdabieed 03:18 17.2 ESS ee ee NE-1.3 oc —20.3 
FE Tce ccecti wena Gipeowecsscquansgigeth avethiirend 21:50 —13.2 | BR ae N-6.3 oc —14.2 
23:23 —15.1 SS ae eS N-6.3 oc —16.2 
BG Bi ccb bancckidthébcdsGieenaéwtpenssededctnitwobeiess 01:15 —18., og RO are SS N-6.3 oc —2%.7 
02:10 — 20.3 |) Ee Sa NW-2.7 oc —22.2 
P05 cccub es cedaidesscncscogecdehulbihescbaeein 01:25 —10. 2 BP eee eee SE-10.7 oc —11.0 
03:00 —9.7 | eS SSE-9.8 oc —10.7 
I osebtensSbile«ss ae dibeeowusenednedidisdbabestenenin 00:44 —5.3 of | ere N-4.0 oc —6.2 
Ss + cccedovbibhannapmbvocvesesegeoehdbtehesaprigins 19:45 —6.1 4 et Ss Re Se 8-4.9 oc —10.6 
23:10 —9.3 es * Sao SSE-6.3 oc —7.7 
I os cbtcis ccc cnowhtgecconssnbpescedegnbsvtsbabpas 02:09 —2.9 Lp tt “Sass SE-7.2 :0C —5.6 
03:10 —2.1 le * Sa SE-9.8 oc —-49 
I bbdinsiillpeontsdecwennsesedeubapeetshdsdiimcn 01:56 —9.1 Le GREE See N-11.2 oc —9.6 
SE Si idihidbicineinestsocmamibalboawesdcodindiibtiiecdiGne ss 23:39 —23.3 ee: NNW-4.9 oc —24.9 
By Da cbisindescsconaninVessatnhooiedhalelibeseens 01:56 —24.3 (7 * “See NW-4.0 oc —25.1 
03. 40 —23.8 fo GRE NW-3.6 oc —25.4 
20. 30 —22.7 Ee ee ae N-5.4 oc —22.9 
22:10 —24.8 ES a ES N-4.5 oc —25.3 
ee Oe” Cee ee ee | ara eee 00:51 —27.1 | RS Ses N-3.6 oc —27.6 
01:52 —27.2 2} RS oe See N-4.0 oc —2B1 
02:50 —29.1 © ad Be Dh coeacapenoed NW-2.7 oc —20.8 
Se Ee aes Rema ane eee a os ne eC 22:49 —22.8 ‘ oc —23.9 
23:41 —23.8 N-5.4 ;0C —-24.3 
PR sahciinnkcsnnndiatinks<voocgiceetlitecaens 00:46 —23.4 oc —2.9 
01:47 —25.0 oc —25.7 
03:12 —26.3 oc —27.1 
19:54 —24.7 oc 27.1 
22:42 —27.2 oc —2.5 
eae oe eT 00:32 —27.5 oc —2.4 
02:01 —23.0 oc —29.3 
03:16 —28.4 oc —30.1 
19:43 —24.9 oc 2.9 
22:42 —25.5 oo —24 








Jan 


Jan 


Jan. 

Jan. 
Jan. 
Jan. 
Feb. 

Feb. | 
Feb. | 


Feb. | 


Dec. 2 


Jan. 1_ 
Jan. 7. 


Jan. 8_ 
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TaBLe 5.—Outgoing radiation, Fargo, N. Dak.—Continued 
PART I.—0-2/10 CLOUDINESS—Continued 
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Cloudiness Snow surface 
Wind, direc- 
5 - aco fe Pen 
Mm. p. 8. p ‘empera- 
Amount Kind (cm.) of top layer ture 
@m. ca./ 
cm.34/mm. °C. 
SE CREE A SP: N.S pe SE 00:37 0. 051 —17.7 LE hee a E-5.8 13 oo —18.9 
01:49 . 052 —12.0 | RE Se i a ESE-5.8 13 oc —14.2 
02:53 . 052 —Ii1L1 FIER li SS E-6.7 oc —13.3 
23:47 . 083 —10.8 | SE = 2. ee aS Ww-3.6 13 oc —11..8 
Ge © ...ccicktcéamugendsaparnuneiadbinelghammtaaonpiel 00:35 .079 —12.1 |) Te, 2 ee a SW-2.7 13 oc —13.3 
01:18 . 076 —12.4 | SSR Coe 8-4.0 13 oc —13.6 
RS ek Eee ck ce ee A 23:42 . 089 —12.8 Le sh ae SE-6.3 13 oc —14.1 
SEED CRS SS . SS Se a 00:55 . 050 —12.2 GF hn i De SE-6.7 13 oc —13.6 
fl RRS GR LS 8 SEES BES AE 23:20 . 088 —26.3 (| Be Sa EE w-4.5 25 NL —26.4 
TSE GRY SAE 22 SL SOS, SER 21:30 - 056 —22.8 _ | A e- Ee 8-18 25 oc —25.5 
22:50 .070 —24.9 9 SE So eh Se Calm 25 oc —27.6 
Ss PR. .S e 5 et RE 21:00 . 049 —20.4 BF Biictesmbecsvackocs N-2.2 25 oc —21.1 
22:44 . 053 —21.3 ORE oh. N-13 25 oc —21.4 
Se) RE: Se See, «eS oe 01:44 . 056 —23.8 {f° ++ ees N-2.7 23 oc —24.0 
19:43 . 046 —14.6 la RE SW-1.8 23 oc —18.7 
San See Aes Be. SE ee ee 20:39 -lll 1.9 | BE ne TS NW-7.6 15 oo an 
22:50 - 105 1.7 RRR Be. CR CF SR NW-8.5 15 oc -.9 
FR CAN ES FP eee Se 01:07 . 053 —.2 | PR Bo a. ee eS NW-58 10 oo -—2.9 
03:08 - 126 —-L5 | CR. a EO NW-6.3 10 oc —2.7 
Ee SE a ER OE EE 22:07 . 083 —12.4 | Se & ee NW-4.0 ~ NL —14.4 
23:33 . 093 —13.3 _ er &. >See ee NW-4.0 8 NL —15.7 
FE ee Ce ia ee Meme Se SS EES 21:47 . 081 —6.2 li CERES W-7.2 5 oo —7.3 
22:44 . 089 —5.8 i 4 SPSS W-6.7 5 oc —6.3 
SR Sen Ai) EES ESA Le EE 01:46 . 080 —9.6 a) | Pra SW-4.5 5 oc —10.2 
03:20 . 075 —10.1 "> ) aes Wsw-5.4 5 oo —10.6 
23:55 -101 —4.6 lle ES. 8-2.2 5 oc —5.4 
WE SR eles ce MA ES URS 01:45 . 102 —9.1 pew 1 Gt. Ge.........<.-- NE-2.2 3 oc —11.3 
03:20 . 102 —11.2 Be He ncencakwen WNW-2.2 3 oc —11.2 
SPS ee ad) EY Ee ld EE 02:41 . 079 —14 | RPC ME ry oc —29 
20:35 . 069 29 hah AE RN SW-7.2 T oo .6 
PART II.—3/10-6/10 CLOUDINESS 
SE SSIES Be 1 ES SER 18:15 0. 070 —18.9 6 | Ci. St_............. NNW-3.6 1 oD —18.9 
SE SERS cers Sie LEO SALT! Me 9 at 00:30 . 076 —22.3 3 5 NL —22.5 
01:30 . 066 —22.7 3 5 NL —2.3 
wosceswpececbesancodragnpgnegsaabenoupgeapeacelpess 04:00 - 004 —32.0 5 m4 NL —32.0 
04:20 005 —32.0 4 24 NL —32.0 
05:00 . 019 —32.0 6 24 NL —33.0 
22:00 —.014 —30.0 2 25 ND —32.0 
22:30 . 006 —29.0 3 25 ND —29.0 
01:30 . 016 —19.6 4 2B oc —2.8 
20:30 052 —14.4 3 23 oc —18.9 
04:12 . 060 —4.0 4 UT as —3.4 
01:12 . 068 7.9 4 es 7.7 
03:30 . 038 2.3 3 ) |, Cee 1.4 
03:26 047 2.8 { : oS erreeaiteonmne 2.3 
02:53 . O41 -6 6 0) ea 1.0 
04:00 . 045 .8 4 DEE Uincwutamiewe 12 
00:59 . 069 —10.2 t 5 OL —12.4 
01:54 . 080 —3.5 4 5 OL —4.6 
00:58 . 080 —12.8 3 5 oo —13.9 
02:21 . 080 —12.5 3 5 00 —14.1 
20:50 . 016 —12.2 6 10 oo —12.1 
22:55 —. 004 —15.4 6 10 oc —15.1 
00:46 . 020 —16.0 3 10 oc —16.4 
21:53 . 047 —11.3 4 10 oc —12.2 
22:43 015 —17.1 5 10 oc —17.1 
01:55 . 034 —23.3 3 10 oc —-B.0 
19:45 .044 —12.6 6 10 oc —13.5 
21:39 .016 —17.1 6 13 NL —18.2 
22:55 .013 —15.4 3 13 NL —16.7 
20:46 . 072 —12.7 4 13 oc —14.9 
22:41 .075 —12.3 5 13 oc —14.5 
19:52 . 025 —18.6 3 25 oc —19.2 
19:49 115 —3.8 3 10 oc 41 
20:50 069 —4.3 4 3 oo -49 
22:44 . 067 —5.1 + 3 oo —5.6 
aes eee ae © See ee 22:05 . 059 -.9 3 3 oc -27 
2 SS ae ee eee 01:29 - 068 —1.2 6 T oc —2.6 
22:40 . 076 2.6 4 T oc —-0.5 
Locodusnedhddnscudebbuienecscetesidbesiaesnati 02:24 . 088 23 5 T oo —05 
PART Il{.—7/10-10/10 CLOUDINESS 
 mecccboodtildunendelbnneentanchanaahlned 20:15 0.022 —19.0 8 a N-4.5 1 oD —19.0 
21:20 .028 —19.0 Ji a eee N-5.4 1 oD —19.0 
22:20 045 —18.0 . o = +See Bae N-5.4 1 oD —19.0 
, _ - Caen ae re 
23:30 004 —17.2 { [ bs? -eeeppenes ame } N-5.4 1} OD 19.0 
eee a eS 02:30 028 —22.2 S Ge Git...) BS 5 NL —3.0 
osentsswesioettabevedetaianmiiaadinmadanl 03:00 . 002 —32.0 l? * anes NW-4.5 24 NL —32.0 
03:30 .002 —32.0 =~ f — @iEeEEsSS NW-40 24 NL —32.0 
a Se 01:45 . 000 —2.0 8 - Seas N-7.6 25 ND —-2B.0 
02:45 . 002 —28.0 2. Ff > Sa N-6.7 25 ND —-2.0 
03:30 . 002 —27.0 ETT N-7.2 25 ND —-2B.0 
04:00 —. 005 —27.0 _.. < Sse N-8.0 25 ND —27.0 
04:30 005 —27.0 jg § ae d N-7.2 25 ND —27.0 
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TABLE 5.—Outgoing radiation, Fargo, N. Dak.—Continued 
PART III.—7/10-10/10 CLOUDINESS—Continued 























Cloudiness Snow surface 
Wind, direc- 
Date Local time ot meni Cineidien 1 
Mm. p. s. p r ‘empera- 
Kind (cm.) of top layer ture 
1937 °C. 
OW PERES Bee aS ee ee ee 02:30 —19.3 Age ae 8-6.3 23 oc —20,5 
03:15 —18.3 es a ea S-4.5 23 oc —18.9 
BRE, « .i.04h juncnktiieaddauedihtensidinaihuintiiamisd sive 23:00 —23.1 BEE Pics ccecheoe SE-5.8 28 oD —23.3 
NG IGE RNS ee RAR a Se RE, 01:30 —26.7 AL 4 ae SE-7.2 38 oD —2.4 
03:45 —24.4 BO f Ges Gilanee--.u.-~- SE-6.3 38 oD —23.9 
pS A. RR pe = A Re RER LE ees 01:30 —29.0 St Uh Mivitvactuascce §-2.2 25 oD —31.1 
02:30 002 —26.7 i, &. oa aes SE-4.5 25 oD —27.8 
03:30 000 —26.1 pk ince SE-5.4 25 op —26.7 
SEE, cnccsddccdsiiteacadidabeiehanccenectibantghanmabede 21:00 . —23.4 ig: » ‘o=;RE ese NNE-5.4 22 NL —22.9 
22:00 d —23.2 Be Gi ib cecopaness N-3.1 22 NL —22.9 
23:00 C —23.1 it 4 N-5.4 22 NL —22,2 
24:00 .022 —23.4 BED cc. caninbnwe N-4.5 22 NL —22.8 
NS ee ae en 8 ee: ee SR 01:00 . 002 —22.8 4 eae See N-4.9 22 NL —22.5 
200 . 000 —22.3 SL ee N-4.0 22 NL —21.8 
03:00 . 000 —23.1 lo 9 9 N-4.5 22 NL —22.6 
BE, & . occcbecotdiinneodntdscecctcosteedsteghbdoorsens 22:00 -010 —23.8 Be © tdtibaccecoses< E-1.0 20 oD —26.1 
| @) Sr a ea ee ee ee 02:30 . 004 —21.1 J See SSE-3.1 20 oD —21.1 
03:10 . 002 —21.0 2 = Sees SSE-4.5 20 oD —21.0 
SE a ee Ce See ee eae 01:58 .017 —10.1 4 eRe ee 8-3.6 21 NL —11.0 
02:46 . 039 —9.4 Pt ndiiccaccspone SSE-2.7 21 NL —1L4 
03:16 . 036 —9.3 I  casmnietinanties 8-4.0 21 NL —10.3 
"tg se TE eS STR ES dt Sa es 03:35 - 015 6.3 ie 4 rn NNE-5.4 | ee 6.7 
8 PRR, BASES RE ~ Fea a: 01:55 - 006 8.0 I e O cacncenacn ESE-6.7 , ee ee 8.5 
02:45 - 005 8.1 | fe SE ESE-6.7 a ere 84 
i ne cue baeeibeckdas 02:25 . 006 4.1 etm iaig hue SE 6.3 SY) SR ae 4.4 
Pe ERE SESE ST al eA ARIS BES ole PIES par See 250 . 054 —1.7 Ree ESE-4.5 ,  ) ee ee —1.8 
EGE... 52. cab ical ic ancedarnteiahaaeseberd 02:00 - 026 5.6 BD nctpeoe WNW-7.6 EN) ERR 508 5.7 
03:00 . 022 5.5 i NW-8.9 a 5.6 
gs ee oe Cee eee See oe ee ee 02:30 . 019 4.4 i NW-6.3 EP LEO 4.5 
03:40 . 016 4.8 |) as NW-5.8 i... y SS 4.7 
ee es kcuanbobadetmmbereneanne 02:25 . 025 2.4 NE ia ln NNW-9.8 ) eee 2.8 
03:35 . 026 7 le GIR s Sccs<civn N-10.7 WOO S..«ceevedseve Li 
ES a Eee a ee a EL Pe 02:30 . 028 —2.6 eee N-6.3  ) ecw —2.7 
03:30 . 028 —2.9 a ee Ge. «.-.-....-- N-7.2 ) —2.8 
Dn elt EE REDE CF aS ANEG LEY TREAT RSL ARMS er 02:14 . 074 9.3 ead tal ae NW-8.0 nn. ck takes 9.1 
ES RR LOR ROE BRE aS 02:25 . 056 2.7 RSs ee SW-3.1 OS ree 2.3 
(8) SE? SRST, PS METRES Ss: See 01:24 . 088 3.9 Oe ee eee E-2.2 | ree 4.0 
02:17 . 093 3.9  niccmcmobene E-3.6 PE cccmdeakews 3.9 
EE REISER: SPER AE) Mahar Pe Denne Ae 02:02 . 033 —3.9 alee State NW-15.6 oS, Eee —4.3 
02:45 . O41 —4.4 i) 4 eee NW-13.4  ) ae —4.9 
RSS Sma sy Sh ASTER eae ae? ERIE See! 00:53 . 026 -.1 kf “RR N-8.0 RARE SS 0.1 
02:10 . 023 —.5 if 4 See NNW-5.4 | es —0.4 
i lo ho Bi tcccdedirsccdbitisessbaelabauibens 01:05 . 024 7.2 Bi tititowsncehess E-1.0 ENDL, .owseasoin 6.9 
02:40 . 025 6.8 «oe aes -3.6 | nea 7.0 
is OR oh ci cceuk enenudipasdedsacssventbeirenenintdl 20:20 . 021 —12.3 cS aaa WNW-5. 4 1 NL —11.5 
21:05 . 032 —11.4 let ee NW-5.8 1 NL —112 
22:20 . 034 —11.6 SP oO: eee NW-5.4 1 NL —11,7 
23:30 031 4 br nmmeaniia NW-5.4 1] NL -121 
| 3 a aes ee ee ae ee ee 00:05 . 023 Po Saenae SE-2.7 1 OL —16 
| lp” RRR aes ees RRS Rr er “SE eae 23:50 . 069 3 ae N-2.7 T oD —8.8 
| ORERDS Geeta, Rete Ret Bree <ere 01:55 - 015 10 ’ y > oD —10.5 
02:55 014 10 sy oD —IL1 
I eines A) SN Oe EE a 20:05 004 8 OL ~9.7 
21:50 . 004 S OL —10.1 
22:45 . 004 10 8 OL —10.2 
22:50 . 004 10 8 OL —10.2 
| RE Re OR eva eee er ET CET 01:54 . 004 10 s OL —10.2 
23:50 . 009 9 5 OL —8.6 
OT as OE ee ee ch daniedainiesitnetee desma 21:50 . 031 10 5 OL —3.6 
22:50 . 016 10 5 OL —-2.9 
23:40 .057 5 OL —2.9 
(NS See en aR | eS eee Se SE BD, 01:01 . 062 7 5 OL —5.2 
19:15 .015 10 5 OL —5.8 
20:45 . 006 10 5 OL —6.0 
21:50 . 009 10 5 OL —6.4 
22:55 . 007 10 5 OL —7.2 
| ee | es eee ee ee 01:17 . 007 10 5 OL —7.2 
21:50 . 004 10 5 OL —12.1 
22:45 . 004 10 5 OL —12.2 
RS TS Le ey aan 00:40 . 004 10 s NL —12.4 
02:06 - 005 10 8 NL —I1L4 
| ES 7 eee See ee 03:04 . 008 10 s NL —.2 
Fy i isccccpnccoutiilveniiebweccccovepevctebelndnsodpens 02:01 . 034 7 13 NL —26.1 
03:45 . 028 10 13 NL —23.2 
ae ec ceoh entedlntnthy Dimnmwedingdvendndevaisaipnteas 02:45 . 004 » 13 OL —20.7 
1938 
Jan, 2....- cian aisle ices iataedaedaniiaarincaneacenmamaninnnamiie 19:50 . 028 te a SSE-10.7 10 oc —12.6 
21:45 Ol i ae SSE-7.6 10 oc —12.2 
PE citnnldidhinubateddusedibbansdacedaaaekdnaidial 21:43 . 030 it? aaa SE-5. 4 10 oc —8.5 
22:30 . 024 if) W-4. 5 10 oc —7.7 
one 54 eS eee ee ee 20:55 . 005 Gt Mii cktubecncce E-2.7 10 oc —15.3 
21:00 . 004 | | oa E-2.7 10 oc —15.3 
21:55 - 004 ff na NE-2. 2 10 oc —14.8 
NL ES Se ee eS are ee ae | ea 02:09 . 049 | > Sa NE-18 10 oc —16.9 
SS ae ee TS eS a 19:53 . 038 oh = SE—10.7 10 oc —11.2 
SEE Di ctihsnihitatininowsoaestbuaietmwmeneabhsiniudbbaes 20:47 . 010 it) ae N-5.8 10 oc —4.6 
22: . 049 uf: #0 NE-6.7 10 oc —4.6 
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PART III.—7/10-10/10 CLOUDINESS—Continued 


21 














Cloudiness Snow surface 
Wind, direc- ae 
Date Local time Q. t. Te nes pn 2 
mM. p. s. ept Yharacter ‘empera- 
Amount Kind (cm.) of top layer ture 
@m./cal./ 
1938 em.ajmm. °C. 
. Ee ORE. a a eee eee. 00:59 0. 015 —6.3 fg FS Se NW-8.5 13 NL —6.7 
01:50 . 016 —7.8 il: eee NW-46.7 13 NL —7.6 
02:53 . 018 —8.9 SS NW-7.6 13 NL —8.6 
pA ea ee 02:41 .017 —5.5 OS) aS ee 8-6.7 13 oc —6.2 
03:40 . 016 —5.1 ET hen satuiininadel 8-5.4 13 oc —65.7 
21:01 . 004 —5.7 BE ens eichintnaial NE-2.2 13 oc —6.1 
22:48 . 007 —6.2 oO}, Sass E-2.7 13 oc —6.3 
i TE... ncimtttdtraenitintetmniicinndlindniranianian against 00:32 . 006 —6.3 7) Sess E-2.7 13 oc —6.4 
01:52 . 004 —6.6 St Mi wiblcccormmetnd E-4.0 13 oc —6.2 
02:59 . 005 —6.7 _ he Sas ae E-4.0 13 oc —6.6 
03:37 . 005 —6.9 5) Soe E-4.0 13 oc —6.8 
De. Oe... cnnencwuss acinieinnuntdiaimi aad 00:59 . 021 —3.1 28  Saeoiaaer SE-7.6 13 oc —4.5 
19:47 . 021 —-1L2 fo tS N-8.0 13 oc —-L8 
22:18 . 082 —4.3 2 (See N-11.2 13 oc —4.5 
eh Oe... dc ceminncaesttbantinianemmadmibbeiinbed 00:55 . 034 —6.6 i ie N-14.3 13 oc —65.8 
03:15 .014 —9.6 i; = SSReetedss N-11.6 13 oc —9.5 
) ee a ee On ee ee 19:48 . 015 —18.1 J) SS eee SE-9.8 10 oc —18.1 
20:43 . 015 —17.4 ge © Sereorer. SSE-8.5 10 oc —17.1 
Deh TE. .cccscecacecnttitietdanshbbtabbetegacioladsneonines 00:32 . 004 —15.4 ae See SE-13.4 10 oc —15.6 
02:00 . 004 —15.1 3 SS aR ee SE-12.5 10 oc —15.3 
03:44 . 005 —13.2 is = “Sze SSE-10.7 10 oc —13.9 
19:50 2) Se pe SF Perse N-6.3 10 oc —14.4 
23:41 .O11 —15.8 le % aa N-4.5 10 oc —16.1 
tt TE. cp pacmertstnichuad insinuating shintilaa ait 00:50 . 009 —16.0 & Se oaee NE-4.9 10 oc —16.3 
WE Un. cine dd hcitenste dd aiskninennedebeneee 02:51 . 013 —22.3 oe 4S, Sis ee SE-5.4 10 oc —22.6 
23:46 . 074 —12.7 te CS ESE-8.5 10 oc —15.4 
Bh, © o...n.0dcocdphinklinecsbesetuabhaasaeniodasmaieatne: 00:41 . 021 —12.4 a E-6.7 10 oc —14.8 
02:21 . 004 —12.4 SSS E-8.9 10 oc —14.3 
03:25 * » eee fg Ee N-6.7 10 oc —14.1 
Tite. 6. ..... cn ccssucsntnbeedacsebesmetlncctendediamobeun 21:17 . 010 —13.9 2), ets eye N-8.0 13 oc —13.4 
SS eee NS 01:45 . 010 —16.5 2 Sear Bae N-9.8 13 oc —15.7 
21:40 . 013 —2.2 le Rete N-2.2 13 oc —20.7 
re ee ek aE 19:42 . 013 —23.7 ly lS N-5.8 20 NL —22.7 
20:50 . 021 —22.8 4 aera -5.4 20 NL —21.8 
Pe, GR. cowaceubes eS a eT 02:00 .012 —20. 4 _.: Sees NNE-4.9 18 oc —18.7 
03:16 014 —19.7 Te Oe, Wi oeckoussiowd NNE-4.0 18 oc —18.3 
a Se ee ee ae ee 20:53 . 021 —3.8 if * aaethiees E-2.2 5 oc —43 
L, DE. .cccputandedinivtehnesstibagiinineticettnelionanind 20:15 . 047 .4 kp oD. “ees W-7.2 3 oc —-.9 









































